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SUMMARY

This report documents the background, approach, and development of a flight
safety evaluation methodology for the Navy. This methodology applies a mathematical
model in the processing of Navy 3M aircraft equipment failure data to produce a quan-
tified safety index of malfunction-problem severity. The modeling process permits

rsystematic identification of the functional relationships of aircraft equipment to flight
safety, and yields safety criticality indices responsive to the probability of occur-
rence of a malfunction and the probability that it will result in an accident. These
indices can then be used in trend analyses to flag potential safety problems.

Increased responsiveness to current operations produced by this model makes

the flight-safety methodology unique In its ability to flag events or operations mostlikely to produce unacceptably high accident risks. Thus the methodology has the

ability to currently and continuously rank malfunction problems with respect to their
accident potential. This ranking, based on criticality assessment, can provide the
basic parameters necessary for analysis of safety versus cost for proposed aircraft
modifications, changes in maintenance or flight operations, or even alternative air-
craft designs.

" The evaluation tool produced in this study will not of itself reduce aircraft
malfunction mishaps - only management actions and fiscal expenditures can do so.
The utility of the safety assessments available from the application of this tool lies
in its ability to alert commanders to the presence of malfunction safety problems and
to quantitatively assign an importance to each.
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[ 1
INTRODUCTION

In 1965, ARINC Research Corporation began to explore the desirability and
practicability of an objective quantification of flight safety. The investigation, which
included a comprehensive review of current flight-safety activities, suggested the
feasibility of developing a quantification technique.

An Air Force-funded study by ARNC Research in 1967 demonstrated the
feasibility of a predictive technique based on system reliability characteristics. A
methodology was developed for providing flight-safety indicators sensitive to changes
in equipment malfunction rates, in their effects on the mission, and in unit or fleet
operations. This methodology, in conjunction with accident data, permits timely
predictions of accident potential, and can contribute to design evaluation and opera-

1.. tional planning by providing a degree of safety assessment previously unavailable.
The Air Force continued funding of this effort to de-velop the mathematical models
for the F-106 aircraft.

In June 1968 the Naval Safety Center contracted with ARINC Research
Corporation to extend this methodolcy to the F-4J aircraft.

The first months of this effort were devoted to data surveys, collection of flight
data, acquisition of aircraft documentation, and formulation of criteria for adapting

f the Air Force mathematical model to the Navy application. Results of this initial
effort appear in the first interim repor under this contract.* The report also
describes the techniques to be applied in identifying functional relationships and
assessing safety sensitivity.

The second interim report,** describes the development of functional diagrams
and safety sensitivity assessments for the F-4J aircraft. The functional diagrams
and an example of safety sensitivity analyses are presented in the appendices.

I,

t: * Development of Flight-Safety Prediction Methodology for U. S. Naval Safety

Center, Nov. 1968, Publication 753-01-1-938.
** Development of Flight-Safety Prediction Methodology for U. S. Naval Safety

Center, April 1969, Publication 753-01-2-968.
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2
STUDY APPROACH

2.1 GENLRAL

2. 1.1 Present Flight Safety Technology

Probably the most vital, and certainly the most publicized, of flight safety
activities is accident investigation. By isolating cause factors, such investigations
are instrumental in reducing the probability of recurrence of particular types of

~i. accidents.

Traditional safety analysis usually consists of extrapolating historical accident
rates into probable future rates. The year-by-year accuracy of such estimates is
partly a function of how judiciously the predictor selects and screens his accident
rate data. These predictions can be quite accurate when equipment characteristics,
maintenance level environments, and pilot skills are consistent with those existing
when the accident rates were calculated. Often, however, adverse changes in areas
critical to safety are recognized only after the accident rate has been found to be
higher than expected and accident investigations have isolated the causes.

Considerable effort has been directed toward improving the predictive technology
and "getting a better handle" on the safety status of aircraft. These efforts have
resulted in lower accident rates through "pre-accident" identification of safety
problem areas; and the associated techniques will continue to be useful for this
purpose.

It is being increasingly recognized that safety mus be consciously designed into
the system, through a disciplined and systematic analysis at every stage of develop-
ment. Both industry and gevernment are encouraging such design evaluation, as
demonstrated by the creation of MIL-S-38130, General Requirements for System
Safety Engineering of Systems and Associated Subsystems and Equipment, and the
superseding MI,-STD-882 (same title). Both of these documents require system
safety analyses for identifying the potential safety effects (including hazards) associ-
ated with system malfunctions. The methodology for performing these analyses is
often left up to the contractor as long as it is consistent with the requirements and
scope of his contract. Unfortunately, an agency using aircraft built by a cross-section
of manufacturers will be confronted with a set of system-safety analyses of widely
varying approaches and technical quality. The intent of this effort was to create a
single methodology that could be used with existing Air Force data systems to provide
safety evaluation of operational equipment problems, and applicable to all aircraft in
the Air Force inventory.

This methodology will provide otherwise-unavailable information concerning
aircraft design, malfunction trends, and the significance of these trends with respect
to safety. This information can be used to quantify aircraft operations, equipment,

If and events in terms of their relative contribution to accidents.

I2-1



2. 1. 2 Safety Quantification

The desirability of an objective quantification of safety has long been recognized.
However, problems associated with developing a realistic and applicable mathematical
technique are formidable, since accidents are statistically infrequent and causes
cannot always be determined. The approach must then be to quantify the degree of
danger associated with flight operations, since such threats are generally translatable
into qualitative terms.

The value of a safety measurement lies in its objectivity and correlation to the .
"real world." In the popular sense though, the assessment of the safety of any
environment or situation is based on both the actual risk and the individual's degree
of willingness to accept (or have others accept) that risk. The latter factor is sub- I
jective, and results in widely varying assessments of the same event. A quantified
safety index reflecting the actual risk will provide the basis for objective assess-
ments, from which the desirability of an activity or operation can be evaluated. In [
NXvy applications, for example, commanders will be able to assess the impact onsafety of contemplated changes in equipment and raission profiles.

* 2.1.3 Flight Safety Concepts

The minimization of personal injury and property damage is the objective of all
safety efforts. Safety, when defined as the absence of potential personal injury and I
property damage, is typically quantified in terms of the total dollar loss resulting
from mishaps in operation. From an analysis or predictive standpoint, it is
unfortunate that the amount of property damage or personal injury resulting from an
aircraft mishap is often determined by conditions external to the functional aircraft .[

system. For example, a malfunction that results in an aircraft hitting a school would
be expected to produce far greater diligence in the implementation of remedial action
than would be realized if the aircraft were to come down in an unpopulated area.

The dollar-loss quantification parameter is a legitimate and useful after-the-
fact performance indicator, but is of little value in assessing the importance of safety j
problems that have not yet caused dollar loss. Therefore the methodology was
designed to produce a measurement scale against which the importance of a problem
could be assessed in relation to other problems within the airoraft.

2.2 FLIGHT SAFETY ASSESSMENT TECHNIQUES

In general terms, the assessment techniques rank problem criticalities accord-
ing to 1) the likelihood that a malfunction will occur, and 2) the resulting degradation
to the aircrart's "flyability." The probability of an accident caused by an event can be
expressed as the probability of the event times the conditional probability that the
event will cause an accident. Stated in equation form,

P(.4, El) = P(E)P4A IEj)

where: P(A, Ej) is the probability of an accident due to event j;

P(Ej) is the probttbility of occurrence of event j; and

P(A Ej) is the probability of accident given that event j has occurred

2 -2



In terms of malfunction contributions to accidents, P(Ej) can be thought of as
the probability of failure J, and P(,t IEJ) as the probability thaf the occurrence of
failure j will result in an accident.

Since the intent of the efforts described here is to provide a ranking by safety
significance of all malfunction problems, it is not necessary that absolute values of
P(*, Ej) be developed. If the values developed are correct relative to each other, aproper ranking will be established.

The assessment techniques developed are based on a factor termed "criticality."
Criticality is an index proportional to P(A, Ej), end which therefore provides the same
rank ordering.

-The major reasons for the proportionality of the criticality numbers derived by
the techniques developed in this study are as follows:

a. The techniques do not include the effect of extraordinary pilot intervention
to prevent accident in case of equipment malfunction.

b. Application of the model for quantifying crit'cality was limited in its
treatment of simultaneous occurrence of independent failures.

c. Malfunction and operational data can yield only a proportional estimate of
required model -- i,,ts.

While strict proportionality cannot be justified, is believed that the criticality
rankings derived through the developed techniques do provide reasonable relative
measures of equipment problem potential. The nature of these criticality parameters
will be discussed in the descriptions of specific modeling techniques.

This safety criticality assessment methodology could also be applied prior to an
aircraft's becoming operational. The assessment of safety criticality during the
design phase of aircraft procurement can alert project management to potential
trouble areas and functional weaknesses.

1 2.3 SCOPE OF EFFORT

2.3.1 Specific Approach

As has been stated, the purpose of this effort was to produce a methodology by
which safety-related problems can be identified. The methodology establishes the
relative influence on flight safety of the various eqipments in an aircraft, permittingL. remedial action to be implemented in a timely ard systematic manner.

For this study, an aircraft is assumed to be in a safe condition as long as it is
operating within its prescribed performance limits. The measure of safety implied
by this approach is a relative measure of how often the aircraft will be in a condition

2-3



to cause-damage. This definitton commits the methodology to the ustablishment or an
objective safety measurement based on what the aircraft can and cannot be expected
to do. The definition also has the property of separating quantifiable accident expo-
sure from the complex assessments of damage and personal injury.

The scope of this effort was further limited to that accident exposure caused by I
aircraft equipment malfunctions. A recent survey of Air Force and Navy accident i I
summaries indicated these cause about 50 percent of military fighter aircraft acci-
dents. Although pilot-related factors are recognized as a significant cause of
aircraftimishaps, the Navy and ARINC Research agreed that the successful applica-|
tion of the methodology be limited to aircraft equipment.

This program did not consider ejection capability, parachutes, life rafts, etc.,
which do not make an aircraft safer, per se, but provide for the survivability of the
pilot when the aircraft is unsafe. Collision was also excluded from consideration in
the prob nt effort because of the complexity of the interrelationships between pilot,
aircraft equipment, ground surveillance, and trafdic density. and therefore should be
included with sx.bequent expansion of the methodology.

2i
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3
ANALYSIS

Discussed in this section is the development of a capability for assessing
problem criticality with respect to flight safety. The following subsections describe
the major tasks pursuant to this effort.

LI 3.1 DATA SOURCE SURVEY

A survey of available Navy data was made to determite its adequacy and
applicability relative to a flight safety model, and any modifications necessary to the
Air Force model to accommodate Navy data.

The Functional Sensitivity Model was specifically developed for use with the

3M data system; however, resolution of the model output with the "real-world"
safety picture will be handicapped by certain deficiencies in this system. These
deficiencies, with respect to safety analysis, stem basically from the fact that a data
system designed for one purpose is to be utilized for another.

3.1.1 Limitations of 3M Data System

The first problem encountered during the functional analysis was the correlation
of Work Unit Codes in the WUC manual with the equipment described in the mainte-

lnance manual. Compounding this problem is the indenture system used in assigning
WUC numbers. Field personnel, when unable to easily find the WUC number, often
report the proiblem at a higher system indenture level to ensure that the piece of
equipment in question is covered. This would be a misleading input to the safety
model, since from the functional safety sensitivity standpoint, a failure of a particular
item of equipment may not result in failure of the system.

The present 3M system has limited provisions for recording when the failure
occurred. Out of the 24 "When Discovered" codes available, only two are repre-
sentative of the type data necessary for processing in the Functional Sensitivity Model.
Only the problems identified by When Discovered codes C and D are appropriate for
use with this model. When Discovered codes could be easily expanded, using numeric
designators, to indicate the phase of flight in which the problem was discovered.

ii The ability to determine when the problem occurred is necessary not only to
apply the appropriate sensitivity value, but should be mandatory in mission success
models as well. Analysis of the sample data collected under this contract, which
included the mission phase in which failures occurred, revealed that failure rates
are not constant throughout the mission bui. instead generally decrease with flight
time.U 'In the absence of 3M flight-phase recording, an allocation of failures by mis-
sion phase must be made (as discussed in Section 4. 6. 1) to obtain realistic failure
probability information.

_ 3-1



Another problem ar : i is associated with determining whether a maintenance
action was performed as the result of the WUC items ceasing to runction. or due to u
minor discrepancy in its operation, The majority or the "llow Malfunction" codes
provided in the WUC manual fail to Identify how an item failed. Q)me identify why It K
failed, others indicate effects of the failure. This inconsistency keeps "low Mal"
information from having any meaningful application to system evaluation models. j

The Naval Safety Center's data bank was fown' d to be adequately recording the
malfunctions registered by the 3M data system, and the capability already exists
within the Centv.-,r for compating mean time between failure (MTBF) from 3M failure j
information coupled with flight times reported on pilot debriefing forms (yellow
sheets). As in the case of the Air Force math model (designed for application t0 the
AFM 66-1 data system), the "When Discovered" codes used in the 3M system are
inadequate for describing the length of time an aircraft is expiosed to malfunctions - a
basic input to th,' safety-prediction math model.

An investigation was conducted to determine the impact on the predictive ability
of the methodology if only total malfunctions versus total airframe hours were avail-
able. Data collected from the Aerospace Defense Command during the earlier
Air Force study were examined from this standpoint. It was found that, due to a
significant change in failure rate with flight time and mission phase. failure probahili-
ties computed on the basis of a constant failure rate throughout the mission were
unrealistic. It was therefore concluded that some forua. of data screening must beperformed in order to provide accurate measurements of malfunction exposure.

3. 1, 2 Supplemental Data Collection Effort J
Due to the magnitude of the effort required to collect all flight-phase informa-

tion from all naval aircraft, it was decided to initiate an experimental data-collection
and analysis program that would provide the data necessary to determine actual Mal- I
functioi exposure with respect to the total number of failures experienced. The -

Naval Safety Center arranged for this data collection effort to be conducted at the
VF-121 Squadron, Miramar Naval Air Station. I

For this effort, ARINC Research compiled a manual for coding pilot-reported
malfunction symptoms. The method of symptom coding is unique in its ability to
allow machine processing of informal pilot "squawks. " This Navy manual was adapted
from that used by the Air Force Aerospace Defnese Command in its Interceptor Sortie
Evaluation Program, though extended to reflect the F4-B/J aircraft and naval mis-
hion requirements, Additionally, ARINC Research developed ati experimental pilot
debriefing questionnaire (Figure 3-1). These debriefings, hold in the Maintenance
Control Center following each sortie, provide first-hand (aircrew) information on any
malfunction of the aircraft, detailed mission profile information for each flight, and
the flight-purpose code.

This data-collection effort was begun !n September 1968, and data were com-
piled from 1000 sorties flown by VF-121. Data received by ARINC Research from the I
squadron were reduced to computer-punchcard format for analysis of exposure Indices.
The inforwation was then analyzed to determine the correlation between the number
of failures reported and the actual exposure to failure during flight.

1
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The Miramar data were first screened to eliminate CARQUAL and FCL!
missions, thereby representing only missions in which mission phases are sequential
and nonrepetitive. Naval Safety Center flight-time and :3M data for the Manual Flight .
Control System were compared with the corresponding VF-l 21 data and found to agree
closely in both average flight time (within two minutes) and failure rate. Because of
this good correlation, the method of assessing failure probability by mission phase
was established as 1) computing the "average mission" failure probability

No. failures,,
(as eas No. fights

(F= 1 -e IU1IIL)*

and then 2) determining the ratio of aircraft in a failed condition in each flight phase to
the total number of flights. The ratio of the percent failed per phase to the mission
failure probability was computed for each aircraft system for each mission phase.
These values are listed in Table 3-1. In criticality computations utilizing 3M data,
these values are used as weighting factor.i for mission-phase failure allocations.
These allocations were used with the applicable safety sensitivity assessment to arrive
at the mission phase criticality of malfunctions.)

3.2 AIRCRAFT DESIGN DOCUMENTATION

The Naval Safety Center supplied ARINC Research with a complete set of
Maintenance and Illustrated Parts Breakdown manuals for the F-4J aircraft. These
documents served as the basis for functional analysis and the assessment of safety
sensitivity. The adequacy of these documents is comparable to that of the equivalent
documents on which the Air Force analysis was based.

A review was made of the documentation available at ARINC Research on the
F-4C aircraft, as compiled under the IROS program for the Air Force. Diagrams
constructed during this program identify the functional relationships of equipments
required for mission success. With respect to a safety sensitivity assessment, how-
ever, the objective of the functional analysis must by definition be different; therefore
this documentation was primarily of value in identifying Work Unit Codes for various
aircraft equipments.

Due to the differences in the Navy/Air Force versions of the F-4, and the
difference in the purpose of the two safety efforts, the functional analysis under the
Navy contract did not utilize the Air Force F-4C documents, They were used only
as a reference in cases where questions arose as to how the aircraft operates.

M.1

*This equation reflects the application of the traditional reliability equation, R = e
Total Time Becaus is

modified to apply to only the average mission time(No, of Flights Bause

equal to the number of equipment failures divided by the total flight time, the expo-
nent becomes equal to the number of failures divided by the number of flights.

3-4 1
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FUNCTIONAL SENSITIVITY MODEL

[' 4.1 GENERAL

Equipment criticalities can be assessed by means of the activities indicated in
Figure 4-1. The first activity, Functional Ana!ysis, is the Identification of all func-
tions the aircraft is expected to perform and the determination of their interrelation-
ships. Safety Dependency Analysis determines which of these aircraft functions are
necessary for flight safety. In Safety Sensitivity Assessment, an estimate is assigned
to each function of the probability of accident occurrence in the event that function is
lost. These conditional probabilities are termed "functional sensitivities," and when
applied as weighting factors for the malfunction occurrence rates represented on the
second line of Figure 4-1, provide the basis for an assessment of accident potential
and, correspondingly, of equipment criticalities. Data on aircraft operation and
accident causes can be used to modify the sensitivity estimates, thereby improving
accident potential and equipment-criticality assessments. The development of this
technique was the major aspect of the present program.

4.2 MODEL DESCRIPTION

The Functional Sensitivity Model ts based on a detailed functional analysis of the
system, and is responsive to Work Unit Code malfunction information such as provided
by the 3M data system and demonstration of its compatibility wt and application to
actual 3M failure data.

[ ~ ~ayis.,,, _ Dependency I--- Sensitiv ity ----- Potentil Criticality
AnoalsiI Assessment, ? ssment Assessment

|Mlfunction ' Occurrence -.

II

Figure 4-1. Safety Assessment and
Measurement Flow Diagram

(Functional Sensitivity)
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2. I A Simplified Avvde.'nt Prohlability Model

-1. 2.1.1l Basic E(utiations

To provide an overview of how the Functional Sensitivity Model relates to
accident probability, we sh:all consider the following simpli'id version of an accident j
probability model. Let

Sj represent system operational state j, consisting of a particular combi-
nation oi states of individual elements within the system (the simplest type
of such combination would be one for which each element can be classified

4as being either a success or failure).

P(Pt) represent the probability that the jth state occurs during the

migsion.*

P(A4jj) represent the probability of an accident, given that state j occurs.

The overall probability of an accident, P(A, is then given by the equation

PA ZPIP (1) 2

This model is of course overly simplified, but even in this form it represents a
formidable quantification task. The number of states to consider is of the order 2 N,
where N is the number of individual elements in the aircraft. When mission phase- f
sequencing, interdependency of failures, and element degradation states (other than
success or failure) are considered, the necessary modeling and quantification pro-- cedures become prohibitive. To develop a workable model, therefore, it was neces-
sary t, consider system states involving only dependent failures. ** That is, --

P(O) = EP(4f,j) (2)

where: P(f, j) = the probability of an accident due to failure of just the jth element. I
Since

P(AJ) = P(J)POIJ) (3)

where: P(J) = the probability that element j fails f
134 j) = the probability of an accident given that the jth element fails.

Then .
P(A) = EP(j) PVIJ) (4)

*For exposition purposes, the sequencing of state occurrences and element states

leading to the jth state are ignored. -
**An exception was redundant designs, for which multiple-failure cases were

considered (see Section 4-4).
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Basic terms in the foregoing equations are assigned the following nomenclature:
P(A, J) is termed the criticality of the jth element; for convenience
of discussion, this parameter will be represented by Cj;

[ P(A J) is termed the sensitivity of the jth element, and will be
written as S1. i
P(J) is termed the function loss probabilfl,.of the 1th element, and
will be written as Pi.

Thus, by this nomenclature, equation 3 can be written,

C~ SP (3a)

4.2.1.2 Flight Phase

[ Because an element's effect on safety may depend on the portion of the flight
during which a malfunction exists, it was necessary to extend the Functional
Sensitivity Model to permit accountng for this effect.

Consider an aircift for which a standard mission of K phases is prescribed.
If we denote by S,k the accident sensitivity of element j in the kth phase; that is,

Sj,k = P(accldent in phase k given element j is failed in that phase),

then the overall criticality of the jth element can be expressed as

E K
C E 1P JS k(5)i l=I Pj,k j,k i

where: PJ, k probability that element j is failed in the kth phase.

[ P, k is a complex function of phase-dependent, first-failure probabilities,
phase-transition probabilities, and previous sensitivity values. The model for PJ, k
is discussed in Appendix E.[4.2.2 Use and Limitations of the Model

One basic limitation of the model is that criticality rankings apply only to
individual elements, relative to each other. Element-failure combinations are, for
the most part, not considered. Failure of a particular element, say J1, may not be
critical if each of a particular set of other elements are satisfactory. However, if
one or more of these other elements are failed, failure of Ji may be quite critical,
Multiple failures are considered only when there is a "first-order" functional dependence.

This imposed limitation of the model is primarily one of avoiding undue com-
plexity for the initial development. The basic approach used could allow for independent
Joint failures, but such inclusion would have effectively increased from N to N2 /2 the
number of system states to consider, where N numbers in the thousands.
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4.3 SCOPE OF PRESENT EFFORT

The basic objective of this program is the development of a model for element
criticality based on element sensitivity and malfunction probability.

At the outset of this program, it was anticipated that the existing Air Force flight
safety model could be adapted in a limited-utility format for routinely processing Navy
data to arrive at flight safety measurements. The initial idea was to use the total
number of failures and the total flying hours to arrive at an average MTBF, and from this
to compute the probability of failure. The latter quantity, together with the sensitivity
estimate, would then provide a meaningful malfunction exposure and/or accident exposure
index. Upon investigation, however, the available information was found to be inadequateand inaccurate. Recognizing this factor, the Naval Safety Center agreed that, rather than

have an early model with these properties, it would be far more desirable to embark
upon an investigation to determine how best to arrive at an accurate model.

The first step in the subsequent activity was the initiation of a sample data collection I
program at Miramar Naval Air Station. This effort resulted in obtaining actual equip-
ment malfunction exposure measurements from which the basic factors affecting
malfunction occurrence could be examined.

Assuming the validity of the basic expression, Cj = P .P, the development of
criticality rankings for the various elements (J's) of a system Is dependent upon the
ability to quantify the malfunction probability (Pj) and element sensitivity ( ) for each
element. The first requirement, that of determining malfunction probabilities, depends
on the use of 3M data, as discussed in Section 2. Establishing element sensitivities
represents the second requirement, and is discussed !n the next section. j

4.4 MODEL DEVELOPMENT

4.4.1 General

To implement the basic safety model, it is necessary to develop a submodel for
Sj, k, the probability that a malfunction in element j during mission phase k will result
in an accident. This submodel in turn requires that we estimate two parameters: the
probability of accident if a major function is not available during each mission phase; and
the dependence of the major function on element J during each mission phase.

The first parameter is termed "functional sensitivity" and is estimated for each
major function. The functional analysis performed in this task (see Section 4.5. 1)
established for the F-4J aircraft the following hierarchical scheme:

Aircraft

Primary functions f
Major functions
Function

Elements (Work Unit Codes)

A primary function would be one such as Flight Control. Major functions under Flight
Control would include Pitch Control and Yaw Control.

The second parameter, "link dependency," is a vehicle for showing the influence
of each functional-path element on the performance of a major function. For example,
if the major function being considered is External Lighting, the diagram on the following
page illustrates possible functional sensitivity and link dependency values.
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The 0. 8 value means that failure of the Control function will result in loss of the
Lamp function 80% of the time. The 0.1 functional sensitivity value denotes that loss
of external lighting will result in an accident 10% of the time. The values must be
interpreted In a proportional sense, in that the actual accident probability is
dependent upon external factors, as discussed previously.

The remainder of this section discusses the procedures and model used to 3

obtain element sensitivities; e.g., in the above example, the accident probability
given that a Work Unit Code in the Control function malfunctions.

4.4.2 Definition of Principal Functional Relationships

Three principal types of functional relationship--series, redundant, and
parallel--were identified as representing the major forms to consider in modeling
element sensitivity.

Series Relationship - A furction having only one input. Schematically,

which indicates that outside of its own elements, the success of B is only affected
by the success of A.

Functional Redundancy - A function having one or more backup functions that
can provide the required inputs to successor functions. Schematically,

where A1 and A2 represent a functional redundancy in that either may provide the
necessary input to B.



Parallel Functions - Two or more functions independcnt of each other in terms

of functional success, but eaich of which may be required for a successor function.
Schematically,

I;

B will generally require both A, and A2 ; but Al does not depend on A2 , nor dses

A2 depend on A1 .

In some cases the distinction between functional redundancy and parallel paths
is very slight, and may depend on mission phase. For example the four engines of a
plane can be considered to be a redundant configuration providing inputs to the pri-
mary propulsion function during cruising, but would generally be considered to be
parallel functions during takeoffs requiring full power.

In general, given a schematic relationship of the form, I

At

we can say that A and B are in a functionally redundant configuration if the success
probability of C is the same if 1) A and B are successful, 2) A only is successful.
or 3) B only is successful. If, for example, C is more likely to be successful if both
A and B are successful, rather than A or B Plone, then the relationship is one of
parallel paths.

It is noted that the mode! will also account for element redundance and parallel
elements through inputs such a P(A 'ia), representing the probability that the Ath
function fails given that the iath element in A has failed. If ia is a parallel element,
the probability would depend on mission requirements and other parallel-element
states.

4.4.3 Link Dependency

Link dependency is the conditional probability of a functional failure, given the
failure of immediate predecessor functions. The link dependencies applicable to the
three basic designs defined above are shown below.
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I Series Reaiounip

Link dependency P(BIX) = probability that B fails given that A fails.

Functional Redundancy BF
II

B2

equivalent to

I !

BI

I IB2 I

I I

B

[where!f =f B1'f2
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I
Parallel Functions

P(jX4 2 (-IB 12)

We shall generally assume that the dependencies of B1 with respect to A, and of
B2 with respect to A, are independent of each other, so that J

OI192I)= P(1I)(2IX)

We then can consider three link dependencies from A to B as follows:-3

P(B1B X
B 2

noting that

P(B~jA = P( 1 X) + P(B1B2 I)

P(ff2 ) =P(B 1B1X +(B 1B 21

4.4.4 Models for Element Sensitivity

Models are shown below for determining the sensitivity of elements for each of
the three basic designs. The derivation of each model is detailed in Appendix C. The
following basic assumptions apply:

a. Except for cases when an element has a redundant or parallel counterpart
or is located in a function with a redundant or parallel function, only the
element under consideration shall be assumed to have failed initially. Thus the
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expeo 'slon P( ia)' representing t*iq accident probability given failure of
e% Work Unit Code element, Is based on the assumption that no oAher

element has failed unless element I is in some redundant or parallel con-
figuration. For cases in which there are redundant or parallel counter-
parts, failures of such counterpart elements or functions are considered in
accordance with their occurrence probabilities.

b. The success of all immediate predecessors ensures the success of a func-
tion, provided that the function experiences no element failures Thus for
the series relationship

we assume

P(BIA) 0,

Eprovided, B experiences no element failures. If an element in function A
is under consideration, the latter provision is always true by assumption

The element sensitivity models are:

1Series Relationship

Functional Redundancy

B

-414.
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Parallel Functions t l

a a

P4E'Iib) = PB1ib){P(C~ib)PDI1C) + P(C1ib)P(DIBfC)})P.iI)

A case not explicitly included in the above three basic functional relationships is
one for which a function Is in two paths, e.g.,

then

P(Ali) P(Cli )P(BJi )P(.4JCB) + P(CJI )P(B~i)P(.4ICBf)

+ PC l',)PB lia f1 - P(fiJ)PqJlIB)}

where it in assumed that the effects of loss of the major functions in accident occur-
rence are Independent of each other.

4.5 MODEL IMPLEMENTATION .
The principal tasks involved in employing the Functional Criticality Model

involve:

a. Performing functional analysis
b. Estimating major-furiction sensitivities
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c. Estimating link dependencies

d. Developing a computer program for model implementation.

These tasks will be discussed in the following sections.

4.5. 1 Functional Analysis

The first task in assessing element safety sensitivity is the identification of the
functions performed by the aircraft and how they are interrelated. This functional
analysis was performed with information in NAVAIR maintenance manuals used in the
preparation of working-draft functional diagrams. Tabulated for each identified aircraft
function were 1) the equipment necessary for its performance; 2) equipment operating
modes; and 3) all inputs required from other systems. The functional analysis then

$entailed the systematic documentation of relationships of equipment to the function
performed.

The sample sensitivity assessment conducted during Phase I-A demonstrated
the extreme care required in producing an accurate analysis. The complexity of the
functional interdependencies in an aircraft such as the F-4J required the develop-
ment of a systematic accounting procedure to ensure against losing functional paths
and assuring that all relationships had been accounted for. All functional relation-
ships identified in the working-draft functional diagrams were recorded in a coded
format, from which a punchcard was created for each relationship.

For computer locating purposes, each function of the aircraft carries an inden-
tured "alpha" code indicating the primary safety sensitivity path. The diagram of Fig-
ure 4-2, for example, identifies the Aircraft Roll function as CC, which requires
inputs from CCA-R and CC .- L, the right and left wing control surfaces, respectively.
These elements are further indentured untll all WUC items are accounted for by alphaI designator. Each item of equipment receives an alpha designator and therefore the
number of alpha designators identified with a particular WUC equals the number of
items installed in the aircraft having the same WUC.

The basic scheme used was hierarchical in the sense that a "predecessor" func-
tion provides an input to one or more "successor" functioas. Thus the success of a
function as defined by this scheme is dependent (wholly or nartially) on correct inputs
from one or more predecessor functions. For example the function Landing Gear
Extension depends on the subfunctions Left Main Landing Gear Extension and Nose
Landing Gear Extension. Nose Landing Gear Extension, in turn, is dependent upon
Nose Landing Gear Door Openings and Nose Gear Activation.

Because of the complexity of aircraft systems and the interdependency of one
system on another, no consistent universal indenture system (from function to sub-
function, etc.) is possible. One example of the problem, as can be seen in several
of the diagrams in Appendix A, is the formation of functional loops. If all the diagrams
applicable to an aircraft were combined, the total diagram would be zo tangled with

:! these loops that no meaningful analysis could be made. Accordingly, ARINC Research
elected to follow the proc3dure of subdividing the aircraft into the nine primary and
two support functions, identifying the input requirements for each and recording each
functional relationship in a punchcard format. This procedure was followed down to
the WUC level. A computer program was designed that could identify and document
each functional path.
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Performing the path identification/documentation task by computar proved to be
not only useful but necessary. The human analyst could neither keep track of all une-
tional paths nor assign a numerical sensitivity to each path. The machine processing
allows the human analyst to consider only one functional link at a time. The ability to
be able to follow all of the functional interrelatlonst . within the aircraft was neces-
sary for meaningful assessment of safety.

Appendix A to this report contains the functional relationshp diagrams ipelicable
to the F-4J aircraft. Most of these diagrams have been revised since the publication of
the seond Interim report (ARINC Research Publication 753-01-2-968) in April 1969.
Revisions were necessary to reflect more clearly and at.rtely the interrelationships
of the functions.

Following each section of functional dilagramn in the appendix is a listi of the
functional and WUC relationship cards for that section. Ihis listing Identifies the equip-
met required to accomplish each subtunction, and the functions required to accomplish
the next higher level function. The functional-link safety sensitivities are included in
the individual cards and in the format of the printout.
4.5.2 Maor-Function Sensitivity Assignment

The sensitivity of a function is defined as the probability that failure of the function
will cause an accident. From the functional analysis, major functions were Identified for
the F-4J aircraft. This task consisted of assigning sensitivities to each of these major
functions for each phase of the mission.

As discussed previously, the actual numerical values assigned were proportional rather
than absolute. The assignments were made by a team of safety engineers, and were based on
the general assumption that major-function failures are mutually Independent with respect
to aircraft accident probability.

o The significance of certain major functions is dependent on external influences,
for which cases "Provisory Factors" were identified. An example would be a wind-
shield anti-ice system, which has a sensitivity elose to 1.0 during landing under icing
conditions but has no effect on safety on a dry, warm day. For such major functions,
the procedure used was to always assign a "worst case" sensitivity which would then
be modified in the computerized procedure by application of an assigned Provisory
Factor. In general, Provisory Factors represent the probability of the existence of
external conditions influencing the sensitivity of the function.

Table 4-1 lists provisory conditions considered in analyzing the F-4J aircraft.

iTABLE 4-1. PROVISORY FACTORS USED IN SAFETY SENSr.TIVITY
ASSESSMENT OF F-4J AIRCRAFT

Code Provisory or Conditional Factors

A Ie
D Night
E IFR
F Supersonic
G Rain
K Normal system failed
N Drag chute failedP Carrier takeoff
Q Carrier landing

Wheel brakes failed
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4.5.3 Link Dependency Assignment
The link dependency between two functions A and B. where B Is dependent on A.is defined as the probability that the loss of function A will result in the loss of the

function B.

The specific functions were defined by functional diagrams showing the relation-
ships between them (i. e., series, parallel, or redundant), to higher-level functions.
Also, tle individual hardware items identified by Work Unit Codes that make up a
function were determined in the functional analysis task.

TAnk dependencies for major functions were assigned by a team of safety engi-
neers. These values are also mission-phase dependent in that a functionts importance
to a successor function may depend on the mission phase. The basis of such assign-
ment for the more common cases is discussed below.

4.5.3. 1 Simple Series Relationship

Consider the case in which X is a major function and A a predecessor function: J

WUC-A I  X aPOIX)

-A2

The major function sensitivity value is P(AJ3) and the link dependency A-to-X
is P(XR). N A is required for X, the link dependency is 1.0, independently of the

sensitivity of X. For example, X may have a sensitivity of zero when on the ground
(Phases 1 and 9) and a sensitivity of 1.0 when in flight (Phases 2 - 8)*. However,
P(MrX) would still be assigned a value of 1.0 for each phase if X cannot perform I
successfully without an input from A.

Link dependency values of the Work Unit Code to the function, e. g., Al to A,
are also required. If, for example, WUC-A2 in the above diagram serves the purpose
of damping out certain oscillations that create an inconvenience but little hazard to the
successful accomplishment of the function, the link dependency P(A 1A2) would be "
assigned a low value. *Vol

4.5.3.2 Parallel Functions

The basic parallel-function relationship is shown in the diagram below.

I [I

! *Numbering of flight phases was done as follows: -
1 . Startup and taxi 4. Cruise out 7. Descend
2. Takeoff 5. Maneuvering 8. Land3. Climb 6. Cruise return 9. Taxi and shutdown 1
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I 1
I The six pertinent link dependency values are shown on the appropriate path legs.

For the predecessor functions to X (B and C). three link dependency values are
required, reflecting failure of either 1) just B. 2) just C, or 3) both B and C. It is

I noted, however, than in evaluating the sensitivity of function B. for example, it is
assumed In the application of the sensitivity model that function C Is present, so that
the sensitivity of B would be P(XIBC)P(IXA), If X is a major function.

The joint failure link dependency value, P(XIE), is only used In evaluating the

sensitivity of function A. for failure of A can lead to failure of both B and C. The
relationship of A to X, being of the general form, f

~Path 2

has been termed "divergent-convergent."

In every case where such relationships existed in the aircraft, it has been deter-
mined that paths 1 and 2 would fail If A was lost. In effect, this means that the follow-

Iing link dependency relationships hold, using the previous diagram.

j P(BCIR) = 0

P(B"CX) = 1.0

This inherent characteristic concerning link dependencies in the divergent-convergent
cases is primarily due to the manner in which the functions in the aircraft were
defined.

iFor Implementing the computerized form of the sensitivity model, three data
input cards would have to be provided for A: one showing X as the dependent function
for sensitivity computation, and two others indicating B and C as dependent functions
for functional path tracing and not for sensitivity calculation.

Again, link dependency values for Work Unit Codes within each function are alsoIassigned.
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4.5.3.3 Redundant Functions

The basic redundant-design relationship is illustrated below:

l I I,

-ji'
' , ,

B A

where =B 2 A
Function B1 is assumed to be the primary or normal mode of operation, with

B2 as the emergency or backup mode. The dependency P(XIla indicates the impor-
tance of the B function to X and is necessary for assessing the sensitivity of A, B1 , "
and B2 . In all cases this dependency was assigned a value of 1.0.

In considering the normal mode of operation, the possibility of failure of the
backup mode is included in the sensitivity model by the term P(B2) ; see Section 4.4.4.
In the absence of failure information on ',ackup modes of operation, it was assumed
that the backup mode would be avaiJl%,ie 50 percent of the time when the normal mode "!
failed. The data card input identifying the relationship of BI to X would identify I
B2 as the alternate mode.

In the case of B2, it was assumed that this backup mode could, if present, per-
form the function with the normal mode inoperative; i.e., P(3ZI1B2) = 0. A

In the computerized procedure, the link dependency of B2 is assigned a value of
1. 0, which is equivalent to assuming that B1 is failed. The conditional sensitivity of
B2 is then calculated on this basis. The computer output, however, indicates that
B2 is a backup to the primary function Bi. Therefore the conditional sensitivity of -,
B2 must be multiplied by the malfunction probability of B1 to obtain the unconditional
sensitivity.

4.5.4 Computer Program for Sensitivity Assessment j
The computerized procedure for sensitivity assessment requires the following

data inputs: f
a. Functional and Work Unit Code relationships

b. Major function sensitivities
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it c. Link dependencies

d. Provisory factor conditions.

A computer program was developed which operates on these inputs in accordance
with the basic sensitivity models to yield sensitivity estimates of individual Work Unit
Codes and functions by mission phase. Where provisory factors or backup modes of
operation are involved, the computer output Indicates that the sensitivity values pro-
duced by the computer are conditional, and must be adjusted to reflect the provisory
condition probability or failure probability of the primary redundant function.IThe three major phases of the program are discussed briefly below, and in
greater detail in Appendix B.

E4.5.4.1 Path Generator Phase

In this phase, all functional paths are traced and documented from the informa-
tion presented in the input data cards, and WUC (element) sensitivities are then com-
puted by phase for each path in which the WUC exists. The resulting computer
printout would be too bulk"- 'o include in this report. Figure 4-2 is a reproduction 'ofia typical printout page-

4.5.4.2 Sort Program Phase

Results of the Path Generator Phase are sorted by WUC, alpha designator, and
provisory factor. The information is stored on tape for use in the Path CombiningPhase discussed below.

4.5.4.3 Path Combination Phase

Generated in this phase is the overall sensitivity for each WUC, taking into
consideration the dependence of more than one major function on a WUC. In a system
as complex as the F-4, it is common for a function to have several dependent higher-
level functions. Because of the basic assumption of independence of major function
sensitivity values, the sensitivity of a WUC involved in N major functional paths is
determined by the relationship:

ST 1 - (1-S1)(1-S 2)'

where $

ST = total sensitivity of the WUC;

S1 = sensitivity of the WUC irn the I path.

Another condition handled by this phase of the program is the case where several
identical hardw.tre items are used in the aircraft. Each has the same WUC but differ-
ent alpha designators, and each can affect aircraft safety in a different way. Under
the basic assumption that the failure rates of the individual item applications are
essentially the same, an average sensitivity for the WUC was obtained by averaging
the individual WUC sensitivity values.

4-17



The third special case treated by this phase of the program concerns WUC's
involved in functions affected by provisory conditions. The diagram below illustrates
this case:

Path I (Independeft of provisory conditions)

A
WUC-A 1

-A2  I
2

Path 2 (Required only if provisory condition W exists) (j
The output of this phase of the program for a WUC in function A would consist

of two sensitivity values for each phase of the mission. One would be the path I
sensitivity of the WUC (path I could actually consist of several paths that have been
combined), and the other would be the conditional sensitivity value for path 2. The
combined sensitivity would then be calculated from the expression

Sc = PW(SI + S2 - 8 S2) + Pw)S = 1 + PWS2 -SIPWS 2  j
where

Sc  = combined sensitivity

S 1 = sensitivity of path I

S2  - sensitivity of path 2, conditional on the existence of provisory
condition W

PW probability that condition W exists.

The last special case is for backup functions in redundant designs. Again, the
sensitivity values shown (including path combined values) are conditional for WUC's
in backup functions, and the computer output indicates that the sensitivity values must
be multiplied by the failure probability of the primary mode function to obtain the
unconditional sensitivity.

A printout of mission phase sensitivities for each WUC is included in Appendix D j
of this report.

4.6 CRITICALITY ASSESSMENT 4

4.6.1 General

The ARINC Research-produced simesitivity values are identified with respect to
mission phase, and merging these with 3M WUC failures versus airframe time
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required the allocation of failure probability to mission phase, computing phase
critlcalities, and then combining them for all mission phases. The basic model for

element criticality was shown in 8ection 4.2. 1. Its derivation and implementation is
given in Appendix E.

It is required to obtain for each WUC an estimate of the probability that the
WUC will be failed in the kth phase (k-i, 2,.. . ,9). If we denote this probability by
P(W[COk), It is shown in Appendix E that overall WUC critl-allty can be estimated
by

9

~C = 2 P(WUC-0k)Sk

where Sk to the sensitivity of the WUC in the ith phase.

From 3M data, one can obtain an estimate of the failure probability of the
WUC on an average mission, such as through the equation

P(wuc) =1I -e

where X is the observed failure rate given by 3M data, and i is the average
mission length.

p From the special survey of VF-121, it was possible to obtain for
each major systcm the probability that the system is failed in the kth phase* and the
probability that the system fails sometime duril flight. These probabilities for the
jth system will be denoted by P(XJ,Ok) and P(Xj), respectively. Then, if the WUC
under consideration Is located in system j, we have the estimating equation

P(W=C- P(XJ.0k)
PW Ok) _PWC)P

which Is based on the assumption of equality of the ratios

P(WU,0)
S-and 

-_P(_)

*It is noted that this probability Includes the event that the kth phase is attempted on
a flight.

4!
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4.6.2 Criticality Model Exercise

Criticality assessment consists of 1) selection of the mission of interest - in 1K
this case, the averAge mission; 2) selection of the Provisory Factors for the
conditions of interest; 3) inclusion of failure probability numbers; and 4) computation
of the product of equipment failure probability and safety sensitivity (as modified by
the Provisory Factor) for each phase of the mission.

The criticality computation program accepts Work Unit Code Sensitivity data
(e. g., mission phase); 3M failure data; the number of flights corresponding to the
3M data and mission phase failure allocation ratios (from Miramar data), which are
ombined as described in Section 4.6.1 to arrive at the mission critics *ty. I I

The Naval Safety Center supplied the failure and flight data for the 12 months
of May 1968 tbrough April 1969, and a criticality model exercise was completed.
Appendix B contains the results of this model exercise. The flow ,chart and program
listing are contained in Appendix B. For purposes of this model exercise, all pro-
visory factors were set to zero. Therefore the criticalities in Appendix D are
representative of a "perfect" mission environment with field takeoff and landing and
the presumption that emergency backup systems are available but not needed.
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Ii 5
CONCLUSIONS

5.1 GENERAL

Analytical methods for quantifying safety indices have been successfully
developed in accordance with the requirements of the contract. The methods devel-
oped still require considerable effort on the part of the Navy in their application and
validation. Nevertheless, significant progress has been made in the formulation of
techniques that permit accident exposure to be evaluated.

L The analytical techniques have the ability to currently and continuously rank
malfunction problems with respect to their accident potential. This ranking, based
on criticality assessment, can provide the basic parameters necessary for analysis
of safety versus cost for proposed aircraft modifications, changes in maintenance or
flight operations, or even alternative aircraft designs.

The evaluation tool produced under this contract will not of itself reduce air-
craft malfunction mishaps - only management actions and fiscal expenditures can do
so. The utility of the safety assessments available from the application of this tool
lies in its ability to alert commanders to the presence of malfunction safety problems
and to quantitatively assign an importance to each.

Many malfunctions associated with aircraft operation have the property of only
|L occasionally causing accidents. However, most mishaps are caused by such events,

and it is this class of mishap for which the predictive aspects of this methodology will
be effective.

The value of the predictive methodology lies in its responsiveness not only to
extrapolation of historical accident rates but also to current operating data.

r - Increased responsiveness to current operations make this method unique in its
ability to flag events or operations most likely to produce unacceptably high accident
risks.

5.2 SPECIFIC MODIFICATIONS REQUIRED

Interface problems with the existing 3M data system will probably require
modification of the sensitivity values assigned to Work Unit Codes to compensate for
the difference in the number of maintenance actions performed and the actual number
of function-loss occurrences. WUC manual revisions may require reidentification
of the WUC's, and major functional modifications to the aircraft will necessitate
appropriate updating of the functional relationship documentation. The models
developed must therefore be regarded as dynamic, continuing to evolve with the
aircraft.

5
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5.3 MAJOR COLLATERAL BENEFIT

Although the creation of flight-safety evaluation mathematical models suitable
for exercise with existing data systems was the primary goal of this effort, a very
significant and valuable by-product also resulted. This by-product - a functional
sensitivity analysis methodology - has utility far beyond the specific application for|
which it was developed. By its application to the F-4J, the Navy has a summarized
functional description of the aircraft. From this information, lists of functional
effects of loss of equipment operation, as well as equipment candidates for causing
functional loss, can easily be identified. Application of the appropriate Provisory
Factors, will yield similar results for various environmental and operational
conditions.

Analyses of the "fault tree" type can be obtained by the same computer program
used to generate this equipment/path sensitivity tape by selecting and reading-in the
function of interest (e. g., landing gear extension). The resulting output will provide
a comprehensive functional relationship tree, including appropriate Provisory Factors
applicable to each branch and a quantified assessment of how important each function
and equipment was to the function of interest. I

The versatility of application of this functional documentation is the direct result
of the individual documentation of each immediate functional relationship, the original
purpose of which was to provide increased uniformity and standardization of docu- I
mentation among the analysts performing the task. Computerization of the functional
analyses has had the effect of 1) assuring uniformity of analytical criteria, 2) pro-
viding automatic cross-checks of individual functional relationships, and 3) providing
versatility in output capability; all of which would have been unavailable with manual
recording and retrieval systems.

.1
.I

Nl



I
II

I FUNCTIONAL ANALYSIS OF

I F-4J AIRCRAFT

I

I
'I
I

I



CONTENTS, APPENDIX A it'
A.1 GENERAL ....... ............... A-3

A. 2 ORGANIZATION ....................... A-4

Block Diagram - Aircraft, General ..... ........ .. A-bi

Section A - Ground Control Section ..... ........ .. A-7 j
Section B - Propulsion Section ....... . . . . . . A-17

Section C - Flight Control Section .... .......... . A-37 1
Section D - Landing Gear Section ........ ........... A-5a

Section E - Internal Environment Secticn. ........... .. A-5!)

Section F - External Environment Section .......... A-71

Section G - Mission Support Section . .......... A-77

Section H - Information Display Section ... ...... . . . A-83

Section J - Structural Containment Section .......... ... A-89

Section K- Utilities Section ....... . . .......... A-95 j -

I.1

.1

.1



S
3 A. 1 GENERAL

This appendix contains the results of the functional analysis performed by
ARINC Research for the F-4J aircraft. The tab locators identify nine primary and
one secondary functional aircraft system (no diagram is included for the "Pilot").
The functional sections are lettered and the pages numbered according to function
level. The title block on each functional diagram identifies the NAVAIR documents
(including dates) used in construction of the functional diagram. In cases where the
NAVAIR document described several configurations for aircraft block groups, the
latest configuration was used for the diagram.

Wherever possible, diagrams are laid out with the inputs on the left side of

the page and continuing through the sequence of events to the final function on the
right side of the page. Unlike a reliability block diagram, in which blocks in series
indicate a tying together physically of equipments, the series of blocks in these dia-
grams will indicate that if all of the input events to the left of a block occur, and the
equipment unique to the functional block is operating, then that function will haveI been performed.

A form of shorthand logic symbology was used to depict the functional relation-
ships, in which each input to a functional block which enters with a unique arrowhead
can be considered AND functions, and inputs whose function lines are joined prior to
the arrow entering the next functional block can be considered OR functions. Fig-
ure A-1 represents this relationship.

A A

A and B areneeded for C. Aor B is needed for C.

I
Figure A-1

I
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A. 2 ORGANIZATION

The functional description portion of this appendix is divided into ten sections. i
The first section describes the aircraft, in general. This diagram depicts the pri-
mary aircraft functions, together with the alpha designator assigned to each. For
instance, the alpha designator "A" will prefix all functions and equipments associated 1
with ground control of the aircraft, all of which will be found behind Tab A, Ground
Control. On the tab sheet will be the functional breakdown of the primary function,
together with a listing of the order in which the diagrams will appear. Following the
diagrams in each section will be a computer listing of the function cards, showinginputsf
required and dependent functions; and of work unit codes, together with the function
and in the functional chain to which the WUC operation contributes. The WUC's used
to identify equipment types are as documented in NAVAIR 01-245FD-8, revised ) I
1 June 1968.

If more than one piece of equipment with the same WUC is installed in the air-
craft, each will be identified with a different alpha designator. If the same piece of -
equipment performs more than one function or operates in more than one functional
branch, it would maintain only one alpha designator for all of the applications. This,
therefore, provides a method for determining whether one piece of equipment has many I
effects, or whether many pieces of the same equipment are used in the aircraft, each
providing one or many different effects.

The following page provides a guide for reading the printouts in this appendix. ,
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03 HOOK A FAIRING ASSY 11haO AACAA A
VE'4TICAL CAMPER CYLINDER 113511 AACAS A

05 WRIZONTAL CAMPER 11351 RAACAC S
06 HMIRIZONTAL CAMPER II351 LAACAO S
0? CENTERING SPRING CYL ASSY 113516 RAACAE S06 CENTERINS SPAING CYL ASSY 113516 LAACAF S
09 AIR-OIL MANIFOLD 113515 AACAS A
1O AIR CHARGE VALVE 113514 AACAH A

ACTUATION 1 AACS AACC AACA AAAAAAAAA
1 1 AACB KEA13 BLEEUER PLU 11351. AACBA A
14 TWO WAY RESTRICTOR 11351. AACOS A
15 HOOK UPLATCH MECHANISIM 1131SC AACSC A
16 TUBING 11351 AACSO A

ACTIVATION 1 AACC AACD AACB AAAAAAAAA
IS SOLENC4O SELECTOR VALVE 113510 AACCA A
19 CHECK VALVE 11351. AACCO A
20 TIMt DELAY RELAY PANEL 113blI AACCC A

CONTROL I AACD AACE AACC AAAAAAAAAI AACD KBE

23 SURL DAMPER 113512 AACOA A
21 b AMP FUSE 113510 AACD6 A
25 ARRESTING GEAR CONTROL SW 1135IN AACOC A

26 CONTROL CABLE ASSY 11351s AACDO A
2? PULLEYS-FAIRLEAUS 11351. AACOE A

MOOR SELECT I AACE KAE AACO AAAAAAAAA
29 1 AACE L
30 CONTROL LEVER 113516 AACEA A
31 LEVER WARNING LITE 113541 AACES A
32 HOOK DOWN LIMIT SWITCH 113532 AACEC A
33 NOOK UP LIMIT SWITCH 113531 AACED A
54 WARNING LITE SWITCH 113543 AACEE A
35 5 AMP FUSE 11353. AACEF A

*MISC OROUND CONTROL 2 AS ABAA 162222271
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2 AS ABC

$NOSE WHEEL POSITION ACTUATN2 ABAA ABAC ARAB AAAAAAAAA
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2 ABSA ABRF AAAAAAAAA
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PROPUL11I4

IADEP CD AL NgrTIVITY
TITLE. wC ALPHA IHPU rUNC FC I ¢W 12345678

PROPULSION S IA *AAAAAAAO
a LOA OAAAAAAAO

ASIC ENGINE RIGHT RDA mU s 1 sss
USA MUAN

ENGINI AIR INUUCTION 3 Am a" RIC AAAAAAAAA
3 11Am RBOA RIOI AAAAAAAAA

3 SA mw AA WSADS AAAAAAAAA
3 am RIA RKE AAAAAAAAA

FRONT FRAME INLET CASE 323AIIOGRAHA A
COMPWSSION 3 OBAS ns 154 AA.iAAAAAA

3 RIA RIAC AAAAAAAAA

' 3 i 1 RARA AAAAAAAAS16 KARIMQ NO I 323AIII0SAOA A

17 AIR/OIL CARBON SEAL 323AII&ORIAS, 5
to COPS$I HOUSING MtAIRSAO A
19 COMPRESSOR STATOR VANE 323AIRIOngAO0 ?
20 STATOR VANE SHROUD 33AI211ROAGE A

21 COMPRESSA ROTOR ASSEMBLY 323AI30ORBAOF A
22 CAPRESSOR REAR FRAME 323AI4OSA0 A
23 AARING NO 2 323AI*IORBAOH A
21 CARBON OIL SEAL 323AI420RBA&J S
25 CPOT33l4RA A
26 SHIELD 323AI450RBAGL A

ENGINE COMBUSTION 3 RBAC RBAG ROAP FAAAAAAAAA
3 RGAC RBAL RUE FAAAAAAAAA

RBAC RPA SAAAAAAAAA
29 3 ROAC ROACO

3 ROAC ROA£A
31 OUTER CASE 323A21 RBACA A
32 COMBUSTION CHAMBER 323A2200RBACB A
33 INNER COMBUSTION CASING 323A23 RBACC A
34 TRANSITION DUCT 323A26 RSACO A

COMPRESSOR ROTATION RBAS RBAF ROAR FAAAAAAAAA
TURBINE ROTATION 3 RBAF ROAC RBAA AAAAAAAAA

ROAS ROCA RBA$ AAAAAAAAA
TURBINE ROTATION RSAF ROCA "AS AAAAAAAAA

36 FIRST STAGE TURBINE 323A31 ROAFA A
37 SECOND STAGE TURBINE 323A39 RUAFB A
36 THIRD STAGE TURBINE 323A33 ROAFC A
39 TURBINE ROTOR 323A31O0RBAFO A
4.0 INNER AIR BAFFLE 323A342ORBAFE A
4.1 INTERSTABE SEAL 323A344ORAFF 5
42 TURbINE SHAFT 323A3450ROAFO A
43 TURBINE CASING 323A35OOR8AFH A
44 TURBINE ROTOR SHROUD 323A3510RBAFJ AS;4.5 IM4PIN6EMENT MANIFOLD 323A352ORBAFK A
4.6 TURBINE FRAME 323A3600RSAFL A
4.7 VANt. 323A362ORSAFM A
4.6 INNI.N/OUTER CONE 323A3630RSAFN A
149 SUPPORT 323A364ORBAFP A
50 COOLING BAFFLE 323A3650ROAFO 6
51 FRANE CONE SUPPORT 323A3660RBAFR A
52 ROTOR SPILL BAFFLE 323A670RBAFS ?
53 CEARING NO 3 323A36SORBAFT A
54 CARbON OIL SEAL 323A3690ReAFU SMAIN ENGINE THRUST 3 ROAA RBAB RDA AAAAAAAAA

MAIN ENGINE THRUST RBAA RIAF
56 INNLR REAR COHE 323A41 RSAAA A
57 FORwARD EXHAUST DUCT 323A4300RBAAB A
56 LINLR 323A4.31ORSAAC A
59 CONE 323A431IRSAAD A
60 REAR EXHAUST DUCT 323A4400ROAAE A
61 LINLt 323A4310RBAAF A
62 OUTL14 SHELL 323A442ORBAAS A

ACCESSORY DRIVE 3 RAK RUAL RBAEP) AAAAAAAAA
3 ROAK ROAS RBCL AAAAAAAAA
3 RAK RBAD, AAAAAAAAA
3 RBAK a AAAAAAAAA
3 ROAK K9B AAAAAAAAA
3 RDAK RKAU AAAAAAAAA
3 ROAK RHAAA AAAAAAAAA

ACCLSSORY DRIVL ROAK RBAJM AAAAAAAAA
RAK ROAOB AAAAAAAAA
ROAK RBAOC AAAAAAAAA

71 FRONT GEARBOX 323A51 :BAKA A
72 TRANSFER GEARUOX 323AS200RBAKB A
73 RADIAL DRIVE SHAFT 323AS2IORBAKC A
74 UkIVE SHAFT HOUSING 323A5220RBAKO A
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75 NEAR GUASOIX 3 ,3AN RuKE A
7 ORING HOUSING 3834La rAM A

A/H COMBUSTION 3 ROp ROA AUK C AAAAA
3 Rlw RAA RAN AAAAAAA A

A/d CONSUSTIO14 ROw RACK
REAR EXHAUST UCT 33Af40*GAAE A
LINLM 383"310FAA A
OUTER SHELL M3AJ40SW AS A
AF TLRA4JR TWIJST 3 RAN ROAD RSA SIOSSOMO
AMS INIUST ROAN RSAP
ENGINE &LEEO AIR 3 so IBAS COA AAAAAAAAA

3 BAN LbA EBAD AAAAAAAAA

3 SAN F AAAAAAA
3 CSA EAAJ AAAAAAAAA

22 DUCT ING, 0a4131 ERA A

23 THERMAL COMPENSATOR 01234 DOS A
24 TOTAL TEMP COMPENSATOR 041235 EHC A
25 CHECK VALVE 011230 END A
26 RATIO BLEED CONTROLLER 0*123B ENE A
86INLET GUIDE VANE POSITION 3 IA RAJA ROADS OAIII11IIO

INLET GUIDE VANE POSITION NSW RSAJB AAAAAAAAA
3 RBA.J ROAN 999999999

INLET GUIDE VANE ACTUATION 3 RBAJA ROAJS RSAJ AAAAAAAAA
89 GUIDA. VANE SUIPPORT 323A113ORSAJAA A
90 GUIDE VANE 323AI1IORSAJAO A
91 GUIDE VANE BEARING 323AIIS3AJAC A
92 HALF RING ASSEMBLY LH 393A1160ROAJAO 5
q3 LEVER ARM 323AI1OIRBAJAE[ A

€4 BELLCRCANK SIPPORT 323AI220RBAJAF A
95 MAIN CRANK 323AI230fRAJAG A
9% MASTER RO0 323A124ONOAJAH A
97 LH ACTAUTOR 323AIIB*R8AJAJ S
96 Rh ACTUATOR 323AII*RSAJAK 5
Q9 HALF RING ASSEMLY RH 323AI16ORBAJAL S :

VANE CONTROL 3 RSAJO RbAJ ROAJA AAAAAAAAA
Al 3 ROADS ROAN RBABC AAAAAAAAA
A2 3 RUAJO ROAK .

VANE CONTROL RSAJB RBAOO
ROAdS ASADA

A4 FEEDBACK SIGNAL SHAFT 323AII**RBAJOA A
E.NGINF COOLING AIN RUAL RlEA ROAC AAAAAAAAA

ROAL RbFA ROAN FAAAAAAAAA
*AUX AIR DOOR POSITION 3 RKA RBEC RRAH 521111125

0 3 RECA ROES AAAAAAAAA
3 RSEA ROAL AAAAAAAAA

AS AUXILLIARY AIR DOOR 311331 RSEAA AO, AUX AIN DOOR ACTATION 3 RS'EC RUED ROCA AAAAAAAAA
A9 3 ROEC KEA
00 AUX AIR OOR ACTUATO 311332 RaECA A

AUX AIR DOOR CONTROL 3 RAlEO ROEF RIEC AAAAAAAAA
AUX AIR DOOR SELECTOR VALVL311334 ROEDA A
PILOT MODE SELECT 3 ROEF L RBED AAAAAAAAA

H4* 3 RRlEF KOO
RS AUX AIN DOOR RELAY 31133* ROEFA A

Rb LANDING GEAR HANDLE SWITCH 313112 DADS RBEF A
A7 6 AMP CIRCUIT BREAKER 31133s DADA ROEF A

00ok POSITION INDICATION 3 ROES RSEA H 500000009
A9 3 ROES KAE

WARNING LIGHT 311333 RREBA A
AUX LANDING GEAR RLLAY 31311s DADC ROES A
AUX AIN DOOR POSITION SW 31133s ROEBB A

C3*UELLMOUTH POSITION 3 RBFA RBFB ROAL 0A1111100
3 ROFA RBAN 131111131

C5 OELLMOUTH RING 329A11 RBFAA A
UELLMOUTH ACTUATION 3 RBFO ROFC ROFA AAAAAAAAA

C7 ACTUATOR 329A12 RRFBA A
CS CAULE 329A13 RBFBB A
cq PULLLY 329A14 ROFOC A
03 SECTOR 329A15 ROFOD A
V1 IOLLRNODG AND BELLCRANK 329AIF ROFSC A

SENSING ANO CONTROL 3 RSFC CF RBFS AAAAAAAAA
D3 3 RRFC KEA

SENSING AND CONTROL RBFC ROAN
04 CONTROLLER 329AIG RBFCA A
05 PITOT TUBE 329AIH RBFCD A
06 STATIC SENSOR 329A1* ARFCE A

eVARIABLE RAMPS POSITION 3 ODA D00 RBAH F 011111110
VARIARLLL RAMPS POSITION 3 BOA BOB LBAH 011111110

3 BOA O00 AAAAAAAAA
Dq Fo0,ARO RAMP 311311 ODAA A
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E4 AFT sRAP 311312 GOA AE', FIXED RAMP 311313 BOAC A
VARIALE RAMPS ACTUATION 3 we sOC BOA AAAAAAAAAV3 RAMP MECHANISM ROD 311315 UBA AE% RAM ACTUATOR 311314 U A1 ES RAMP UINGE 311316 SO AE6 RAMP SWIVEL 31131? 30O0 A

E? UELLCRAINE VR 31 F OS A
RAMPS CONTROL 3 SOC KEA RAS AAAAAAAAA£9 3 aOC 300

( N 3 aOC RAA
P SERVO VALVE 31131A ROCA AFl RAM CONTROL AMPLIFIER 31131E AODC ASIGNAL SENSING 3 o00 BOA aOC AAAAAAAAA

3 500 CF
F FEEDbACK POTENTIOMETER 311310 SOOA AINLET AIR TEMP HIHA AR RBAlC RME6AE H AAAAAAAAA3 'ABEE ROAN

TEMP SENSOR 31131s AMlA A
5 AMP FUSE 311310 RACEA AWARNING LIGHT 31131. 55CA

GEMAIN FUEL DELIVERY 3 RSAOD RBADC RMAC FA555530
3 RAOW AARA AAAAAAAAA

MAIN FUEL DELIVERY RUAD RaOc FAAAAAAAAA

RUA0G O A RUAGA FAAAAAAAAA
RBADD F5555555

63 PRIMARY FUEL NOZZLE 323A68 RUADDA A
G4 SECONDARY FUEL NOZZLE 323A68 RMAOO A6S FUEL TUBING 323A67 RUAOC APRESSUREIZE AND DRAIN 3 RADC ROADS RADO AAAAAAAAA
G? PRESSURIZE AND DUMP VALVE 323Ab5 RBADCA A

FUEL REGULATION AND CONTROL3 ROADS RAJ RSAJ FAAAAAAAAA
Ji 3 RBADS RADA ROAR FAAAAAAAAAREGULATION AND CONTROL RADEB RO RADE AAAAAAAAA

RBOAD RBAN RBADC AAAAAAAAA
RACOROA RAADAA FAAAAAAAAA
RSAOO3 RAS
ROAD OAS
R1ADB KBA
ROADS L

HI MAIN FUEL CONTROL 323A6200ROADBA AN2 TORQUE BOOSTER CONTROL 323A63 ROADOS A
H3 FUEL OIL COOLER 323A64RACOB AS AMP FUSE 323A62**RBAOBC A

1NLET TEP ERArUR E SENSOR 323A921ORBAOBD AH& THROTTLE LEVER 329311 RBAAAA A
H6 FUEL FLOW TRANSMITTER 351442 RSADEA A

FUEL FLOW INDICATION 3 ROADE RbAD H AAAAAAAAA
JA 3 ROADE KAD

FUEL FLOW IANDI TOR 35142 RBADEA A
FUEL FLOW TNCMO ER 35142 RBACC A
5 AMP FUSE 351447 ROAC A
FUEL SUPPLY PRESSURIZE 3 ROADA ROAK ROADB AAAAAAAAA

J4 MAIN FUEL PUMP 323A610RrRAAA A
PtADA RBA RAJOJS BYPASS INDICATOR SWITCH 323AGI1ORBAOAR I

FUEL FILTER 323A678 RBAOAC A
TEMPERATURE AMPLIFIER 3P3A93 RBOAS A
A/B FUEL DELIVERY 3 RBAQA R RAB ABAP AAAAAAAAAA/B FUEL DISTRIBUTION R8AQA ROADO RSO F555555555

ROAQA RRARA AAAAAAAAA
A/B FUEL SPRAYDAR 323A74O ROAOAA A
A/B FUEL MANIFOLD 323A75 RBAQAR A
FUEL OIL COOLER 323A72 RBOCC A
TUBING 323A77 RRAGAC A

PRESURZI VALVE 323AT?3ORBAGAF A!

A/ E L REGULATION 3 RBAO RBADD RBAQA AAAAAAAAA
3 RROG ROAGC
3 ROAQO L1:THROTTLE LEVER 329311 ROGAAA A

A/b FUEL PRESSURIZL 3 RSAOC ROAR RBAQS AAAAAAAAA
K9 LBAQC ROSAA/b FUEL PUMP 323A7100RSAOCA A

CHECK VALVE 323A?1IORBAQCB AfFILILR 323A710ORBAOCC A
PUMP VENT VALVE 323A712ORBAQCO A
FUEL INLET VALVE 323A713ORBAQCE A
ON/OFF VALVE 323A71'IORBAQCF A

L6 ENGINF IGNITION 3 ROACA RBADD ROAC T OOAAAAAOO
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L? 3 RSAEA ROAED
La IGNITER PLUG 323AA* RBAEAA A
L9 HIGH TENSION LLAD 323AA5 ABAEAS A

IGNITION GENERATION 3 RBAES RSAEC RIAEA AAAAAAAAA
3 REAlS ROARS RNARA FAAAAAAAAA
3 REAS ROAR AAAAAAAAA

M2 IGNITION EXCITER UNIT 323AAL ASAEBA A
MODE SELECT 3 RSAEC L RUAES AAAAAAAAA

"4 3 ROAC KAC ,
MS THROTTLE SWITCH 323AA* REAECA A
M6 S AMP FUSE 323AAe RSAECS A

OAFTLROURNER IGNITION 3 ROARA READS REAP AAAAAAAAA

ME 3 RBARA REAGA
M9 3 RUARA RBAG

A/U IGNITION RBARA ROACO
O" NO TORCII IGNITER 323A434ORBARAA A

NI IGNITER PLUG 323A43'oRBARAS A
AFThLRURNER IGNITIO4 CONT 3 ROARS RBARC ROAEU AAAAAAAAA

N T N 3 ROARS RUADO RRABC AAAAAAAAA
N? AFTLRBUHNR IGNITION SWITCH323AA44 RSARBA A
NB HYD XFER PUMP CONTROL RELAY323AAO REAREO A

AFTERRURNER MODE SELECT 3 RBARC L ROARS AAAAAAAAA
PO 3 RBARC KAH
PI THROTTLE LEVElt 329311 ROGAAA A
P2 S AMP FUSE 323AA* RUARCA A

EXAUST NOZZLE POSITION 3 ROAR RUAB RBABA AAAAAAAAA
3 ROAD RBAE ROAN F999999999
3 ROAD ROAA F88a8aaea8

NOZZLE POSITION ROAD ROADS AAAAAAAAA
RAR RBA SAAAAAAAAA

NOZZLF POSITION INDICATION 3 ROARA KOA H 011111110
3 ROASA ROAB

5 AMP FUSE 351630 RBADAA A
NOZZLE POSITION INDICATOR 351637 RBASAB A
NOZZLE ACTUATION 3 ROADS RBASC ROAD AAAAAAAAA 1

3 RBARS RBASD RRCE AAAAAAAAA
00 OUTLR SHROUD 323A446ORBABOA a

01 SUPPORT RING 323A447ORRAUBB A
02 SHROUD FLAP 323A447IRRASBC A
03 SHROUD FLAP SEAL 323A4472RBABBD 2
04 NOZZLE FLAP 323A448ORRABE A .
05 NOZZLE FLAP SLAL 323A44UIROASUF 5
06 NOZZLE FLAP HINGE 323A442ROASUG A

CAM LINK ACTUATOR 323A449ORABOUH A
08 ACTUATOR 323A444ORBASBJ 4
09 ACTUATOR 323A444ORBABBK 4
RO ACTUATOR 323A4440ORBAEL 4
RI ACTUATOR 323A444ORBABUM 4
R2 ROD 323A445 ROBABN 4
R3 ROu 323A44bORBABSP 4
R4 ROD 323A445ORBABBO 4
R5 ROD 323A445OROASBR 4
R6 NOZZLF AREA CONTROL VALVE 323A6A ROABS A

R? FELDUACK CABLE 323A4**RBABBT A
PRESSURL GENERATION 3 RHAOD RCD RBASO AAAAAAAAA

RQ 3 RRAOD ROAK
3 RRASO ROCF

SO NOZZLE PUMP 323AS RRARDA A
SIGNAL SENSING 3 RDADC RHARD ROADS AAAAAAAAA

3 ROASC RBAJD
S2 3 RBA8C ROARS
S2 3 ROABC RBAG
S 3 ROASC ROAP

3 RSAOC CF
S3 CONTROL ALTERNATOR 323A92 ROASCA A
S4 TLMPLRATURE AMPLIFIER 323A93 RSAOCO A

EXHAUST GAS THCRMOCOUPLE 351424 ROAOCC A
S6 BHANCHED CAULE 323A91 ROAUCD A
$FUEL CONTROL bETTING 3 ROAD OGAA SGRA 000000050

3 BOAS KRE ROADS AAAAAAAAA
3 sGp K1E LOADO AAAAAAAAA

so 3 OGAB BGBA
Sq INTL6RATED TORQUE |iOSTER 329C15 OGABA A

POWER SLLECTION 3 RGAA L OGAR AAAAAAAAA
TI THROTTLE LEVER 329311 OAAA A

FRICTION LOCK 329312 GAAD 5
T3 TLLLFLLX UNIT 329310 BGAAC A
T4 TELESCOPING UNIT 32931E SGAAD A
Tb ROD 329316 0GAAE A
T6*APCb ACTIVATION 3 BGOA KBE 1IGAS 000000010
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Ti3 MA6 amT? I NAm alm

Ti I MA KAA
TO CONTROL AMPLIFIER 32OC14 SU4AA AI- SIGNAL CONOITININio 3 gi s a AAAAAAAAA

3 Om KAA amUC AAAAAAAA
Uo 3 Oo KO
Ul THMOTTLE CONTROL COMPUTER 39C1* SOW A

SIGNAL SENSIN. 3 80D am OS AAAAAAAAAI U3 3 K
SIGNAL SENSING a0m0 CF

U4 ACCELEROMETER 3gCI* SMA A
US ANGLE OF ATTACK TRANSMITTER399CII S9lOS A
UG STAB POSITION TRANSDUCER 359C1I 66W A

MOOL SELECT 3 aOmE L amI AAAAAAAAA
US APCS SELECT SWITCH 39CIS 8409A AU9 5 AMP CIRCUIT BREAKER 319CI* OOKSE A
V0 5 AMP CIRCUIT bREAKER 329C1. BOGEC A
VO 5OAMPCIRCUIT BREAKER 319C1. SUD A

VO5APCIRCUIT BREAKER 3119CIO OWEC A
VO5APCIRCUIT SNEAKER 3&9Cle SUGEF AVI AIR TEMP SWITCH 319CIA 64018 A

V8 ENGINE SELECTOR SWITCH 39C. OBEH A
V3 EMERG SPEED BRAKE SWITCH 31469A CEFA A
V4 SPLED SNAKE CONTROL SWITCH 314T627 CEDA A
VS NLG DOWN LIMIT SWITCH 313143 OAASAA A
V6 R MAIN $EAR SCISSOR SWITCH 313145 RDAAAAG A
V? SPELD BRAKE RETRACT RELAY 31462. CEEA A
V6 APCS DISENGAGL RELAY 329C1* BSEJ A
V9 POWER INTERLOCK RELAY 329CIO SOSEK A

APCS OFF INDICATION 3 1S06C 6Oo H 000000080
WI 3 SBUC KAE
W2 WARNING LIGHT 319C1? SUCA A
W3 WARNING LIGHT RELAY 329c1e eBeC" A

FUEL/HYDRAULIC RADIATOR 445128 KCDC A
06*FULL DELIVERY TO RH ENGINE 4 RSBA KBA RADA OA5555530

4 RBOA BB
FUEL DELIVERY TO ENGINES RNSA RSAGC AAAAAAAAA
STRAINER/DRAIN VALVE 446136 RSSAA A
FUEL/HYDRAULIC RADIATOR 445126 KODC A
MAINFOLD SHUTOFF VALVE 446136 RBBAB A
ENGINF FEED MANIFOLD 446137 RBBAC A
TANK NO I FUEL PRESSURIZE 4 Sao UBC RSSA F011123440
TANK NO I FUEL PRESSURIZE 4 BB KAH LBSA F011123440

13 4 BB KAC BSE AAAAAAAAA
sea S SAAAAAAAAA

LH BOOST PUMP ASSEMBLY 44613100 88SA S
RH UOOST PUMP ASSEMBLY 44613100 088 5

17 RH PUMP CHECK VALVE 446133 RBBBC I
1 BOOST PUMP BYPASS CHECK V 44613* NUOD A
19 DEFU.LING SHUTOFF VALVE 446122 GIBE A
20 TANK NO I DRAIN VALVE 44613* RHOF A
21 MANIFOLD DRAIN VALVE 44613b UBOG A

FUbLLAGE FUEL TRANSFER 4 HoC KuE "Ba AAAAAAAAA
4 NBC UnL "Be AAAAAAAAA24 4 BBC KAH

-25 4 NBC KEA

26 4 BBC 88o
27 4 BBC Ks
26 4 BBC UBH29 4 see AON

29 4 BBC BUP
S30 TANK NO 1 416161 BOCA A

31 TANK NO 2 446162 BGCB A
32 TANK NO 3 446163 ROCC A
33 TANK NC 4 446164 OBCD A
34 TANK NO 5 446165 RUCE A

c 35 TANK NO 6 446166 BCFA
36 TANK NO ? 44b167 BBC$ A

Lr 3 ? INTLRCONNECT HECK VALVE #416614 OCH2
|"'3 36 INTLNCONNECT CHECK VALVE 446145 SSCJ 2

0. 39 INTERCONNECT CHECK VALVE 446145 BOCK 2
40 TANK NO 4 HiYD FUEL PUMP 44614A ROCL 2
4 1 TANK NO 4 ELECT FUEL PUMP 44614D BBCM 2
42 TANK NO 6 HYD FUEL PUMP 4%blB RlBCN 2

•43 TANK NO 6 ELECT FUEL PUMP 44614E RRCP 2
44 NO I FUEL LEVEL CONTROL V 446146 0lHCQ 2
4b NO 2 FUL.L LEVEL CONTROL V 446142 BOCA 2
4- 6 NO 7 FULL XFER SHUTOFF V 446111s slc5 I
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117 NO 7 XFER MANUAL CONIROL V 46111* SOCT 1
FUS. LA TANKS PRESSURIZE 4 am ON USC 22222222

49 41 a6m CO
NOT AIR CHECK VALVE. 16116 fhOA A

AIRFLOW LIMITER 146118 laOS A
PRESSURE REGULATOR 4166111 SOOC A
FUSELAGE HOT AIR CHECK V 446116 00 A
PRESSURE/VACUUM VALVE 4*6113 SOE A
DIVL VENT CHECK VALVE 40,6115 aSOF A
DIVE VENT CHECK VALVE 146115 98O A
OIVL VENT CHECK VALVE 416115 98004 A
TANK NO 7 PILOT VALVE 0146110 !bSOJ A
TANK NO 7 PREbS REGULTOR *1611* B80K A
CHEC.K VALVE 446110 DL A
CHECK VALVE 441611* OBO A
CHECK VALVE 84611* SOON A
CHELCK VALVE 44611* BlOP A
CHECK VALVE 801611* 88004 A

CHECK VALVE 44611* aw0e A

CHECK VALVE 41611* OOR A
VENT MAST FIRE SCREEN 44611* BODS A

FIRE SCREEN DHAIN 44611$ SOOT A

DROP TANKS FULL TRANSFER 8 BSON BJ sac 000000000

69 4 "am poP 09K AAAAAAAAA

CL TANK EMERG RELIEF VALVE 44621* SOHA A

CL TANK FWO DRAIN VALVE 44621* BND A

CL TANK AFT DRAIN VALVE 44621. BBNC A

CL TANK FUEL DISCONNECT 446218 BNO A

CL TANK FUEL CONTROL VALVE .16223 BOHE A

CL TANK PILOT VALVE 446221 BSHP A

CL TANK FUEL SHUTOFF VALVE 446225 SOHG A

REFULLING SHUTOFF VALVE 446121 BONN A

R DROP TANK PILOT VALVE 446222 RBSHJ A

R DROP TANK FUEL CONTROL V 46224 RBSHK A

R DROP TANK FUEL DISCONLCT4623* ROBHL A

R DROP TANK FUEL SHUTOFF V 446226 RBOHM A

CL DROP TANK 46231 BBHN A

R DROP TANK 446233 RBOHP A

DROP TANKS PRESSURIZL 4 BB DON BN AAAAAAAAA

QO 4 BJ ECO

CL TANK PRESSURE REGULATOR 446211 ORJA A

CL TANK PRESS/VENT VALVE 446212 B8JD A

CL TANK HOT AIR CHECK VALVE44T6217 ORJC A

CL TANK AIR DISCONNECT 446214 ROO A

CL TANK PRESS CHECK FITTING44621C BOJE A

R DROP TANK AIR DISCONNECT 44621 RROJF A

R uROP TANK PRESS/VENT V 446210 RBBJG A

R DROP TANK PIHLSS HEGULATOR446215 RRBJH A

RH HOT AIR CHLCK VALVE 446216 RURJJ A

H PRESSURE CHECK FITTING 44621C RBBJK A

NO FUEL FLOW WARNING 4 ORK DUN H 001100000

A7 4 BBK KAE

CL TANK FL LOW WTCH 446227 90KA A

R FUEL FLOW SWITCH 44622A ROKU A

S AMP FUSE 44622* B1OKC A

WARNING LIGHT 44643* RUKO A

WING TANKS FULL TRANSFER 4 BL asP BBC 000011100

f%4 4 OHL HiM

H WINO 1/H LEVEL SHUTOFF V 446170 ROOLA A

R 011O U/8 LEVLL SHUTOFF V 44617H RBBLB A

R oII1G TANK 446172 RBBLC A

WING TANKS PRESSURIZE 4 BBN BON HL AAAAAAAAA

C2 4 amM ECO

R WING TANK PRESS IEGULATOR46112 RBBMA A

R HOT AIR CHECK VALVL 4.46116 R M A

R WING PRESS CHECK FITTING 44b117 RORMC A

R WING PRESS/VENT VALVE 4.b118 RBBMO A

EATLRNAL AIR PRESS CONNECT 44611* SOME A

R W1IG TANK DRAIN VALVE 44oliA RBBMF A

FUEL TRANSFER CONTROL 4 SON L 81 FAAAAAAAAA

4 SON KRA SP FAAAA4AAAA
4 ORN Koo BC AAAAAAAAA

4 RON usG ROD FAAAAAAAAA

4 BUN SM FAAAAAAAAA

lAtIK tjO 6 ItYD PUMP PRESS 5446146 OBNA A

TANK NO 4 HYD PUMP PRESS 50446146 BNO A

ELLCT XFER PUMP PRESS SW 44b15 RLUNC A

TANK NO S LEV.L CONT VALVE 44b44 BOND A

TANK NO 3 LEVLL CONT VALVE 446143 BONE A

TANK NO I LEVEL CONI VALVE 446148 BBC. A
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E6 R ENGINE WASTER SWITCH 413A, ROW A
REFUEL PROSE SWITCH 4463iA 8W A

INS XFER PRESS SWITCH 4611* oMJ A
CROP TANKS SELECTOR SWITCH 446 1? SNK A
FUEL LEVEL CONT HASTER SW ~$1 SM A
REFUEL SELECTOR SWITCH 46AIT NN A
WINS TANKS WER SWITCH 446410 SwN A
LAND.& KAR HANDLE SWITCH 413118 0A08 A
R MAIN EAR DOWN LIMIT SW 013101 ROAAAAC A
R MAIN EAR SCISSORS SWITCH131S ROAAAAO A
FUEL LOW LEVEL SWITCH 446431 SIN A
TRANS PRESS SEQUENCE RELAY 006110 UMNR A
AUTO TRANSFER RELAY 46400 SUNS A
WINO/DROP TANKS PRESS RELAY46$11 SeNT A
REFUEL RELAY 40612* 8SNU A
DROP TANK PRESS RELAY 00021* 98NV A
DROP TANK SELECTOR RLLAY 406210 9m A
CL TANK PRESS RELAY 400611* SN A
CL TANK SELECTOR RELAY 006210 BONY A
WINb TANK STOP XFER RELAY 40615* 9ONZ A
5 AMP FUSE 44601* 9EA A
S AMP FUSE 00601 96 A
S AMP FUSE 44"14 IUC A
b AMP FUSE 440010 6600 A
S AMP FUSE 001601* 98S A
S AMP FUSE 06*01* 9SF A
FUEL LOW SENSING N use USC 8SF AAAAAAAAA

4 BuG S8N AAAAAAAAA

TANK NO 5 LEVEL CHECK SW 44642* 98OF A
FUEL LOW LEVEL SWITCH 446N32 08" A
FUEL LOW WARNING N 5SF B H 000001100[ H6 N 88F KBA
WARNING LIGHT 446433 SFA A
S AMP FUSE 446434 BBFB A
FUEL LOW INDICATOR 4O4? BSBFC A
BOOST PUM4P PRESS INDICATIONN SUE KAD H 061111110

N SSE 96
R PRESSURE TRANSMITTER N5IS RuSCA A
R PRESSURE INDICATOR NSN46 R8ES A

5 AMP FUSE NN6N2* 98EC A
J? IN-FLIGHT REFUELING 4 asP L SOH R O0OAAAA7O

N asP KAA B.C OOOAAAAO
4 BBP KAE SOL OOOAAAA7O

KO N sp KBA
KI 4 asP KEA

IN FLIGHT REFUELING sP PSN BOR 111111111
R wING TANK LEVEL CONTROL V446153 RBSPA A
AIR RFFUELING PROBE ASSY 44631100 SOPS A
PROBE CHECK VALVE 44631 SBPL A
PROBE DOOR LATCH ACTUATOR 446313 SOPC A
PRObE DOOR ACTUATOR 4N6314 SPD A
PROUL CONTROL SWITCH 44631A BUNH A
PROBL DOOR 44631C 9SPE A
SEQUENCE VALVE 44631* SOPF A
SELECTOR VALVE 446316 USPO A
PROUL UNLOCKE WARN LIGHT 446312 BOPH A
5 AMP CIRCUIT BREAKER 44631* OOPJ A
5 AMP FUSE 44N631* BBPK A
NIDHT RLFUELING LIGHT 444228 BBPL A
NO I FUEL LEVEL CONTROL V 4461NO BCO A
NO 2 FUEL LEVEL CONTROL V N4614Z B8CR A
NO b FUEL LEVEL CONTROL V 44b144 BOON A
NO 3 FULL LEVEL CONTROL V 446143 RRNE A
R DROP TANK FEUL SHUIOFF V 446226 ROBNM A
CL DROP TANK SHUTOFF VALVE 44622S BO A
REFUELING SHUTOFF VALVE 446221 BOHN A
R DROP TANK CONTROL VALVE 446224 ROBK A
CL DROP TANK CONTROL VALVE 446223 BOHE A
REFUEL READY INDICATION 4 BOR GOP H R 000111110

ma N BBR KAE
REFUEL READY LIGHT 446310 BRA A
S AMP FUSE 44631$ saR A
SWITCH 44631* ORC A
*ENGINE OIL DISTRIBUTION - ROCA RBCB RSCF OAb555520
DISTRIBUTION ROCA RBAS FAAAAAAAAA

ROCA RRAF FAAAAAAAAA
ROCA RUA SAAAAAAAAA

02 OIL NOZZLES "23A&?IORBCAA A
03 OIL TUBING -23AS700ROCAB A

OIL SCAVENGL - RBCF ROCA ROCE AAAAAAAAA
SCAVANGE RfCF RBABD 333333333
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06 NO I SCAVENGE PUMP -23AU RCFA A
? No a SCAVENGE PUMP * 3l ilC A

08 NO 3 SCAVENGE PUM - 3M ? lUKF A
o4 ¢S0 FILTER -1827 UCrO A
10 VARIABLE NOZZLE FILTER -23A.e RCFE 2
11 VARIABLE NOZL FILTER -23A** ROCFF 2 3
12 CHECK VALVE -23A*. RSCFG A
13 SCAVENOL OIL FILTER -23A0* RSCFH 2

OIL SUPPLY - RKC RB A KS R6CH AAAAAAAAA
- I8CC RSCF RICO AAAAAAAAA
- RCE RKAU RKAU AAAAAAAAA

17 OIL TANK -23ASSOOROCEA A

16 PLbSURIZE/VACUUm VALVE -23ASSOROCEB A
19 CHECK VALVE -23A$5**RSCEC A

LOW LEVEL WARNING - ROCH R8CE H 022222220
21 - RICH KAE

0'. LEVEL AMPLIFIER -23A9* RICHA A
LOW LEVEL WARNING LIGHT -23A90 RICHO A
OIL LEVEL SENSOR -23A9* R9CHC A
5 AMP FUSE -23A9* ROCHO A
PRESSURE GENERATION - RBCO RICE RICG AAAAAAAAA

- RICD RIAK ROARO 084444430
- RBCO R9CC AAAAAAAAA

2" MAIN OIL PUMP -23A61 RSCDA A

OIL PRESSURE INDICATION - ROCS RHCD H 999999999

31 RRCG KAD
SAMP FUSE -23A9$ RICGA A
PRESSURE TRANSMITTER -51434 ROCO8 A
PRESSURE INDICATOR -51433 RBCGC A
PRESSURE REGULATION - RBCC RdCO ROCR AAAAAAAAA

36 RELIEF VALVE -23A05 ROCCA A

TEMPERATURE CONTROL - RICH RUAGA ROCA AAAAAAAAA I
- RBCO ROADO RSCJ 033333330

38 - R8CB RUCC
39 AIR OIL COOLER -23AB* ROCOA 3

40 MAIN FUEL OIL COOLER -23A64 ROCSB A

41 AOu FUEL OIL COOLER -23A72 RBCC A

42 TEMPERATURE REGULATOR -23A86 RBCBD A
OIL TEMPERATURE INDICATION - RBCJ. RSCB H 033333330

THERMOCOUPLE SENSOR -51424 RBCJA A
TEMPERATURE INOICATOR -51425 RBCJB A

BASIC ENGINE LEFT LBA LOAA 8 095555430
LBA LOAN

ENGINE AIR INOUCTION 3 LOAH LBAJ LBFC AAAAAAAAA
3 LOAH LUDA LBAG AAAAAAAAA

3 LBAH LOFA LOADS AAAAAAAAA
3 LBAH LBEA LBEE AAAAAAAAA

FRONT FRAME I4LET CASE 323AIlOOLRAHA ACOMPRESSION 3 LBAG LOAS LBADS AAAA
3 LOAG LBAH SAM AAAAAAAAA

3 LBAG LBAC AAAAAAAAA
3 LOAG LBABC AAAAAAAAA
3 LOAG LOARA AAAAAAAAA

HEARING NO I 323AII1OLBAGA A 1
AIR/OIL CARBON SEAL 323AII20LOAGB 5
COMPRESSOR HOUSING 32SA1200LOAGC A

COMPRESSOR STATOR VANE 323AI21OLBAGOD 7

STATOR VANE SHROUD 323AI211LBAGE A
COMPRESSOR ROTOR ASSEMBLY 323AI300LBAGF A

COMPRESSOR REAR FRAME 323AL400LBAGG A
DEARING NO 2 323AI41OLOAGH A

CARBON OIL SEAL 323AL420LBAGJ S

CUPPORT 323AI44OLBAGK A

SHIELD 323AL450LBAGL A

ENGINE COMBUSTION 3 LOAC LBAG LBAP FAAAAAAAAA

3 LOAC LUAL LOAF FAAAAAAAAA
3 LBAC LBADO
3 LOAC LBAEA

LOAC LOA SAAAAAAAAA

OUTLR CASE 323A21 LOACA A

COMBUSTION CHAMBER 323A2200LBACB A

INNLR COMRUSTION CASING 323A23 LOACC A
TRANSITION DUCT 323A24 LBACO A
COMPRFSSOR ROTATION LOAS LOAF LBAK FAAAAAAAAA

LOAS LBCA LOAG AAAAAAAAA

TURBINE ROTATION 3 LOAF LOAC LSAA AAAAAAAAA

TURUINE ROTATION LOAF LUCA LOAS AAAAAAAAA

36 FIRST STAGE TURBINE 323A31 LRAFA A

A7 SECO14D STAGE TURBINE 323A32 LOAFB A

38 THIRD STAGE TURBINE 323A33 LOAFC A
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39 TURBINE ROTOR 383A P MAPO A
0 :NNER AIR BAFFLE 323A341uLrAF A
41 INTERSTAGE SEAL. S3A340LAFF S
1 TURBINE SHAFT 323A34SOL.AFO A
43 TURBINE CASING 323A3SOOLOAFM A
%% TURBINE ROTOR SHROUD 323A3S5OLBAFJ A
4S I1PINGEMENT MANIFOLD S2A3S1OLOAFK A
46 TURBINE FRAME 323A360L AFL A
4? VANt 323A362OLOAFN A
45 INNEk/OUTER COaE 323A3630LBAFN A
49 SUPPORT 323A364OLOAFP A
50 COOLING RAFFLE 323A36SOLAFS 6

C% 51 FRAME CONE SUPPORT 323A366OLOAFR A
52 ROTOR SPILL RAFFLE 323A36?OLAFS 7

Uo S3 BEARING NO 3 323A3680LSAFT A
0' 54 CARSON OIL SEAL 323A3690LOAFU S

MAIN ENGINE THRUST 3 LOAA LBAB LOA AAAAAAAAA
MAIN ENGINE THRUST LOAA LGAF

56 INNER REAR CONE 323A41 LSAAA A
57 FORWARD EXHAUST DUCT 323A%300LSAAB A
55 LIN.R 323A431OLOAAC A
59 CONE 323A4341LOAAD A
60 REAR EXHAUST DUCT 323A4400LBAAE A
61 LINER 323A4310LAAF A
62 OUTER SHELL 323A*420LOAAG A

ACCESSORY DRIVE 3 LSAK LBAL LUABO AAAAAAAAA
3 LBAK LEAS LOCO AAAAAAAAA
3 LEAK KCB AAAAAAAAA
3 LBAK KES AAAAAAAAA
3 LEAK LKAU AAAAAAAAA
3 LEAK LHAAA AAAAAAAAA
3 LEAK LOADA AAAAAAAAA

ACCESSORY DRIVE LOAK LBAJO AAAAAAAAA
LBAK LBAOS AAAAAAAAA
LEAK LBAGC AAAAAAAAA

71 FRONT GEARBOX 323A51 LSAKA A
72 TRANSFER GEARBOX 323A5200LBAKO A
73 RADIAL DRIVE SHAFT 323AS210LBAKC A
74 DRIVE SHAFT HOUSING 323AS220LBAK0 A
75 REAR GEARBOX 323A53 LBAKE A
76 BEARING HOUSING 323A54 LBAKF A

A/B COMBUSTION 3 LEAP LUAGA LBABC AAAAAAAAA
3 LEAP LBARA LOAN AAAAAAAAA

A/b COMBUSTION LOAP LBAC
REAR EXHAUST DUCT 323A4400LBAAE A
LINER 323A4310LBAAF A
OUTER SHELL 323A4420LOAAG A
AFTLRBURNER THRUST 3 LOAN LBAB LEA 020000000
A/B THRUST LBAN LBAP
INLLT GUIDE VANE POSITION 3 LBAJ LBAJA LOADS 0AIlIIIC0

3 LEAJ LBAH 999999999

INLLT GUIDE VANE POSITION LSAJ LBAJB AAAAAAAAA
INLLT GUIDE VANE ACTUATION 3 LBAJA LBAJB LBAJ AAAAAAAAA

89 GUIDE VANE SUPPORT 323AI1I3OLBAJAA A
90 GUIDE VANE 323AI14OLSAJAB A
91 GUIDE VANE BEARING 323AIIbOLBAJAC A
92 HALF RING ASSEMBLY LH 323AIIOLBAJAD b
93 LEVER ARM 323AII6ILSAJAE A
94 BELLCRCANK SUPPORT 323AI22OLSAJAF A
95 MAIN CRANK 323AI23OLBAJAG A
96 MASTER ROD 323AI24OL8AJAH A
97 LH ACTAUTOR 323AI18*LOAJAJ 5

98 RH ACTUATOR 323AII*LBAJAK 5
99 HALF RING ASSEMBLY RH 323AII6OLBAJAL 5

VANE CONTROL 3 LBAJB LBAJ LBAJA AAAAAAAAA
3 LBAJB LBAH LBABC AAAAAAAAA
3 LSAJO LBAK

VANE CONTROL LOAJO LBADB
LBAJS LOADA

A4 FELDbACK SIGNAL SHAFT 323AI1**LBAJeA A
ENbINE COOLING AIR LBAL LBEA LBAC AAAAAAAAA

LUAL LDFA LBAK FAAAAAAAAA
AUX AIR DOOR POSITION 3 LBEA LBEC LOAH 521111125

3 LBEA LOEB AAAAAAAAA
3 LBEA LOAL AAAAAAAAA

Af AUXILLIARY AIR DOOR 311331 LBEAA A
AUX AIR DOOR ACTATION 3 LBEC LRED LBEA AAAAAAAAA

3 LBEC KEA
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80 AUX AIR DOOR ACTUATOR 311332 LOECA A

AUX AIR 00OR CONTROL 3 Low LBEF LUEC AAAAAAAAA
AUX AIR DOOR SELECTOR VALVE311334 LUIEDA A
PILOT NA SELECT 3 LIEF L LIED AAAAAAAAA

3 LKEF K"

RS AUX AIR DOOR RELAY 311330 LK3rA A
LANOING SEAR HANDLE SWITCH 313112 DADB LKF A
5 AMP CIRCUIT BREAKER 311330 DADA LBEF A
DOOR POSITION INDICATION 3 LMES LGEA H 500000009 .

3 LiES KAE
WARNING LIGHT 311333 LKBEA A
AUX LANDING GEAR RELAY 31311. DAUC LIES A
AUX AIR DOOR POSITION SW 31133s LOCUS A

8ELLMOUTH POSITION 3 LUFA LUFB LBAL OAIIO1100
3 LOFA LRAH 131111131

CS UELLMOUTH RING 329A11 LSFAA A

BELLMOUTH ACTUATION 3 LOF8 L9FC LOFA AAAAAAAAA

CT ACTUATOR 329A12 LRIFA A
Cd CABLE 329A13 L6FO A
C9 PULLEY 329A14 L8OVC A
T3 SECTOR 329A15 L8FSO A

01 IULLRPRDOD AND BELLCRANK 329AIF LOFSE A

SENSING AND CONTROL 3 LOFC CF LOFS AAAAAAAAA

3 L1FC KEA
SENSING AND CONTROL LBFC LOAH

D4 CONTROLLER 329AIG LBFCA A
05 PITOT TUBE 329AIH LBFCD A
06 STATIC SENSOR 329A1s LSFCE A

INLET AIR TEMP HIGH WARNING3 LSEE KAE H AAAAAAAAA
3 LBEE LOAH

TEMP SENSOR 31131* LSEEA A -'

5 AMP FUSE 31131* LBEEB A

WARNING LIGHT 31131* LBEEC A
MAIN FUEL DELIVERY 3 LOADO LRADC LOAC OA5555430

3 LOADO LOARA AAAAAAAAA

MAIN FUEL DELIVERY LOADD LBCS FAAAAAAAAA .
LBADD LaAOA F555555555

G3 PRIMARY FUEL NOZZLE 323A68 LOADDA A
G4 SECONDARY FUEL NOZZLE 323A68 LOADDR A

GS FUEL TUBING 323A67 LOADOC A
PRLSSUREIZE AND DRAIN 3 LBADC LOADS LOADD AAAAAAAAA

G7 PRESSURIZE AND DUMP VALVE 323A65 LBADCA A

FUEL REGULATION AND CONTROL3 LOADS LBAJ LSAJO FAAAAAAAAA
3 LOADS LOADA LBARB FAAAAAAAAA

REGULATION ANL CONTROL LOADS LBAG LBADE AAAAAAAAA
LOADS LOAH LBADC AAAAAAAAA
LBADOU LBAK LAQBS FAAAAAAAAA
LOADS LOAS
LOADS BGAB
LOADS KOA
LOADS L

Oil MAIN FUEL CONTROL 323A6200LBADUA A
H2 TORQUE BOOSTER CONTROL 323A63 LBADBB A
H3 FUEL OIL COOLLR 323A64 LOCOB A

b AMP FUSE 323A62**LBADBC A

INLET TEMPERATURE SENSOR 323A6210LBASD0 A

Nb THROTTLE LEVER 329311 LOGAAA A

146 FUEL FLOW TRANSMITTER 351442 LOADEA A

FUEL FLOW INDICATION 3 LRADE LOADS H AAAAAAAAA
3 LBADE KAD

FULL FLOW TRANSMITTEk 351442 LBADEA A
FULL FLOW INDICATOR 351441 LOADEB A

5 AMP FUSE 35114* LBADEC A

FULL SUPPLY PRLSSURIZE 3 LBADA LBAK LOADS AAAAAAAAA
3 LOADA LBOA LBAJB

J4 MAIN FUEL PUMP 323A6100LBADAA A

JS BYPAS INDICATOR SITCH 323A6IIOLBADAB 1
l FULL FILTER 323A610*LOADAC A

L TEMPERATURE AMPLIFIER 323A93 LBABCB A

A" A/H FUEL DELIVERY 3 LRAQA LBAQO LOAP AAAAAAAAA
" A/Ut FUEL DISTRIOUTION LRAQA LUADO LBCS F555555555

LBAQA LOARA AAAAAAAAA

A/U FUEL SPRAYBAR 323A74 LBAQAA A

A/I IULL MANIFOLD 323A75 LOAQAG A

FULL OIL COOLLR 323A72 LBCGC A

TUIwG 323A77 LOAQAC A

PRES5I'RIZING VAL4E 323A73 LBAGAO A
A/U FUEL REOULATION 3 L8AQ6 LOADS LRAQA AAAAAAAAA

3 LBAGU LBAQC
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3 LAN UA
3 LUAMS L

A/b FUEL CONTROL 34A78 LBAGOA ATHROTTLE LEVER 389311 LOAAA A

3 LOW LOSA

A/S FUEL PUMP 33AIOOLUAOCA A
CHECK VALVE 323A?11.LBAC8 A
FILTER 323ATIALUMC¢ A
PUMP VENT VALVE 323ATI89L&UCD A
FUEL INLET VALVE 323A7130LAOCE ALiON/OFF VALVE 3&3AI4OLOAC A
ENGINE IGNITION 3 LAA LUADO LEAC GOAAAAAOO

3 LBAfA ,.AKB
L& IGNITER PLUG 323AA* LOACAA A
L9 HIGH TENSION LEAD 323AA5 LBAEAB A

IGNITION GENERATION 3 Lem LUAEC LSAEA AAAAAAAAA
3 LBAEB LAND LARA FAAAAAAAAA
3 LAEB LOAD AAAAAAAAA

M2 IGNITION EXCITER UNIT 323AA1 LOAEUA A
MODE SELECT 3 LSAKC L LUAEB AAAAAAAAA

3 LBAEC KAC
MS THROTTLE SWITCH 323AAe LAECA A
M 16 5 AMP FUSE 323AA* LBAICO AAFTERBURNER IGNITION 3 LOARA LBAES LBAP AAAAAAAAA

3 LUARA LASA
3 LUANA LAG

A/b IGNITION LUARA LVADO
NO TORCH IGNITER 323A43,OI.BARAA A
NI IGNITER PLUG 323A434-L.BARAB A

AFTERBURNER IGNITION CONT 3 LBARB LSARC LBAES AAAAAAAAA
3 LIARS LOADS LBABC AAAAAAAAA

N? AFTERBURNER IGNITION SWITCH323AA4 LOARBA A
NO HYU XFER PUMP CONTROL RELAY323AA* LBARbB A

AFTERBURNER MODE SELECT 3 LBARC L LOARS AAAAAAAAA

3 LBARC KAH
PI THROTTLE LEVER 329311 LOSAAA A
P2 S AMP FUSE 323AA* LEARCA A

EXAUST NOZZLE POSITION 3 LGAB LOASS LBABA AAAAAAAAA
3 LOAB LBA£E LOAN F999999999
3 LOAD LBAA F888888888

NOZZLE PCSITION LOAD LOADS AAAAAAAAA
LUAU LOA SAAAAAAAAA

NOZLE POSITION INDICATION 3 LBABA KRA H 011111110
3 LBABA LOAD

5 AMP FUSE 35163* LBABAA A
NOZZLE POSITION INDICATOR 351637 LBABAB A
NOZZLE ACTUATION 3 LBAB LBAOC LBAB AAAAAAAAA

3 LBABB LOADD L9CE AAAAAAAAA
GO OUTER SHROUD 323A446OLLASSA a
01 SUPPORT RING 323A47OLBABBS A
02 SHROUD FLAP 323A414ILBASBC A
03 SHROUD FLAP SEAL 323A4472LBABBO 2
014 NOZZLE FLAP 323A414OLBABSE A
05 NOZZLE FLAP SEAL 323A4141LBABF 5
06 NOZZLE FLAP HINGE 323A44QILBABB. A

CAM LINK ACTUATOR 323A4490LBABBH A
08 ACTUATOR 323A4440LBABJ 14
09 ACTUATOR 323A4440LBABSK 14
RO ACTUATOR 323A4440LBABOL 4
RO ACTUATOR 323A444OLOABBM 4
R2 ROD 323A4450LBABN 4
R3 ROD 323A4450LBAB5P 4
R4 ROD 323A4450LBABOO 4

17 R5 ROD 323A4450LBABBR 4
R6 NOZZLE AREA CONTROL vALVE 323A6A LEABES A
R? FEEDBACK CABLE 323A14***L9AST A

PRESSURE GENEHATION 3 LBABO LOCD LOABS AAAAAAAAA
3 LBABD LBAK
3 LBABO LBCF

SO NOZZLE PUMP 323A88 LBABDA A
SIGNAL SENSING 3 LBABC LHAEB LBABB AAAAAAAAA

3 LBABC LBAJ
3 LBABC LBARB

LBABC LBA6
3 LBABC LOAP
3 LBABC CF

S3 CONTROL ALTERNATOR 323A92 LBABCA A
S4 TEMPERATURE AMPLIFIER 323A93 LBABCB A

EXHAUST GAS THERMOCOUPLE 351424 LBABCC A
S V 56 BRANCHED CABLE 323A91 LRABCD A
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01FUEL DELIVERY TO Lb EN6INE 4 LISA KBA LIADA OASS55530
4 LIA mIS

FUEL DELIVERY TO ENGINES LISA LSAOC AAAAAAAAA

STRAIR/DRAIN VALVE .29C1s LSAA A
NAINFOLO SHUTOFF VALVE 1446136 LISAB A
ENGINE FEED MANIFOLD 1.*6137 LSAC A

16 L4 PUMP CHECK VALVE 446133 BIS0C 1
L DROP TANK PILOT VALVE .12 LOW A
L DROP TANK FULL CONTROL V 1.622 LIUNK A

L DROP TANK FUEL DISCONNECT1S623* LISHL A L
L DROP TANK FUEL SHUTOFF V 446226 LIUSI A
L UkOP TANK 46232 LISP A

L DROP TANK AIR DISCONNECT 4 B6210 LSS.JF A
L DROP TANK PRESS/VENT V 1..1 LUSJS A 1
L DROP TANK PRESS REGULATOR446215 LJ AI.
L. HOT AIR CHECK VALVE A6216 LOBJJ A
L PRLSSURE CHECK FITTING 44621C LeJK A

L FSIEL FLOW SWITCH 411622A LB3L8 A
L WING I/0 LEVLL SHUTOFF V 446178 LOMA A
L wING 0/5 LEVEL SHUTOFF V 446175 LOL A
L WING TANK 1k6171 OI.LC A
L WING TANK PRLSS REGULATOR446112 LBNA A

L iOT AIR CHECK VALVE 846116 LBION A
L WING PRESS CHECK FITTING 446117 LOONC A

L WING PRESS/VENT VALVE 446118 LBfMO A

L WING TANK DRAIN VALVE 44611A LBOMF A

ES L ENGINE MASTER SWITCH 423A9* LOONG A

L PRESSURE TRANSMITTER 151845 LOSEA A

L PRESSURE INUICATUR 151866 LOSES A

L wING TANK LEVEL CONTROL V446153 LUBPA A

L DROP TANK FEUL rsHUTOFF V 46226 LOBHM A

L DROP TANK CONTrOL VALVE 446224 LOBK A I
ENGINE OIL DISTRIBUTION - LBCA LbCB LBCF OA5555520

DISTKIBUTION LBCA LOAS FAAAAAAAAA
LOCA LOAF FAAAA .AA
LBCA LOA SAAAAAAAAA

02 OIL NOZZLES -23AS71OLOCAA A

03 OIL TUBING -23AB7OLBCA C AA-AAA
OIL SCAVENGE - LBCF. LUCA LCE AAAAAAAAA

SCAVANGL LBCF LOABD 333333333

06 NO I SCAVENGE PUMP -23A82 LBCFA A

17 NO 2 SCAVENGE PUMP -23A83 LBCFC A

07 NO 3 SCAVENGE PUMP -23A84 LBCFC A
09 CSO FILTER -42227 LDCFO A

10 VARIABLE NOZZLE FILTER -23A** LBCFE 2

IX VARIABLE NOZZLE FILTER -23A** LOCFF 2

12 CHECK VALVE -23A** LBCFG A

13 SCAVENGE OIL FILTER -23A** LBCFH 2

OIL SUPPLY - LRCE LBABB LOCH AAAAAAAAA
- LBCE LBCF LOCO AAAAAAAAA
- LBCE LKAU AAAAAAAAA

17 OIL TANK -23A500LBCEA A

18 PRESSUtRIZE/VACUUM VALVE -23AB510LBCEB A

19 CHECK VALVE -23AS5**LBCEC A 0
LOW LEVEL WARNING - LOCH LOCE H 022222220

- LOCH KAE t

OIL LEVEL AMPLIFIER -23A9* L8CHA A
LOW LEVEL WARNING LIGHT -23A9* LBCHO A

OIL LEVEL SENSOR -23A9s LOCHC A

b AhP FUSE -23A9* L8CHO A
PRESSURE GENERATION LBCD LOCE LBCG AAAAAAAAA

LBCD LOAK LBABU 084444430
LBCD LBCC AAAAAAAAA

29 MAIN OIL PUMP -23A81 LBCDA A

OIL PRESSURE INDICATION - LOCO LBCD H 999999999
- LOCO KAD

5 AMP FUSE -23A9S LBCGA A

PRESSURE TRANSMITTER -511.3 LOCGB A

PRESSURE INDICATOR -51133 LBCGC A

PRESSURE REGULATION - LBCC LOCO LOCO AAAAAAAAA

36 RELIEF VALVE -23AB* LOCCA A
TEMPERATURE CONTROL - LBCB HAZ LBCA AAAAAAAAA

- LOCO LBADD LBCJ 033333330
- LBCP LOCC

39 AIR OIL COOLER -23A0* LeCBA 3
40 MAIN FUEL OIL COOLLR -23A64 LOCOS A

41 AOD FUEL OIL COOLER -23A72 LOCOC 1

42 TEMPERATURE REGULATOR -23A86 LOCBD A

OIL TEMPERATURE INDICATION - L8CJ LBCB H 033333330

THERMOCOUPLE SENSOR -511.2 LBCJA A

TEMPERATURE INDICATOR -51425 LBCJB A
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C. FLIGHT CONTROL SECTION
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FUOHT COIInOL g

DEP CD AL SEITIVITY
TrIE WUC ALPHA INPUT FUNC FC FN W 12340789

*FLIIHT CONTROLS : CA OAAAAAAAl

C CE
€ CF

*AIRCRAFT PITCH CA CAA € OAAAAAAAOCONTROL SURFACE CAA CAB CA AAAAAAAAA

STABILATOR ASSEMSILY 14310 CAAA A
COVER ASSEMBLY 14311 ¢AA8 2
STEEL TE HONEYCOMB 14312 CAAC 2
ALU4 TE HONEYCOMB 14313 CAAO 2
SLOTTED LEADING EOl 1*31* CAAE S
HINGL FITTING 14315 CAAF A
STAUMILATOR TIP 14316 CAAG 2
STAISILATOR SKIN 14317 CAAH 2
ACTUATOR FITTING 14316 CAAJ A
*STABILATOR POSITIONING CAD CF CAA AAAAAAAAA

CADI KCA
CAD KOA
CAB CAC
CAB RCAF
CAD LCAF
CAB KEA

STAIILATOR POWER CNT CYL 14326 CASA A
TORKU TUBE ASSEMBLY 1433A CAB A
FORCE LINK SWITCH 1*338 CABC 0
FORCE LINK SPRING CARTRIDGE 14335 CABO A
POWER CONTROL VALVE 1432? CADE A
CONTROL ROD 1*326 CABF A
FORCE LINK BELLCRANK 1432A CABS A
STAB CONTROL HORN 1*32s CAGH A
OVERRIDE SPRING CARTRIDGE 14336 CAUJ A
*MECHANICAL LINKAGE RIGHT RCAF CAG CAB 555555555
CONTROL CABLE 1432C RCAFA A
BELLCRANK 1*320 RCAFB A
TURNBUCKLES 1432o RCAFC A
PULLEY 1*32* RCAFD A

*MECHANICAL LINKAGE LEFT LCAF CAG CAB 555555555
CONTROL CABLE 1*32C LCAFA A
BELLCRANK 1*32* LCAFB A
TURNOUCKLES 1*32s LCAFC A
PULLEY 1*320 LCAFO A
SPITCH AND TRIM INITIATE CA$ CAC RCAF FAAAAAAAAA

CAG CAZ LCAF FAAAAAAAAA
CA$ KAA CAB SAAAAAAAAA
CA$ KBA

TORQUE TUIE BELLCRANK 1*33* CAGA A
PUSH ROD 1*33s CA" A
TORO TUBE 1*11 CCHA A
irONTROL STICK ASSY 1*110 CCHB A
TRIM SWITCH 1*115 CCHC A

*FEEL FORCE AN FEEL TRIM (fAC CAD CAS AAAAAAAAA
CAC CAS CAB 072222270
CAC CAE AAAAAAAAA

FELL TRIM ACTUATOR 1*331 CACA AI BELLOWS ASSY 14332 CAC8 A
LINK ASSY 1432E CACC A
FEEL TRIM PICKUP PROIE HTR 1*337 CACD A
TRIM VENTURI HEATER 14338 CACE A
TRIM RELAY PANEL 1433C CACF A
IDLLR ASSY 1*330 CACG A
LIMIT SWITCH 1433E CACH A
FEEL SYSTEM PISTON 1*325 CACJ A
FEEL SYSTEM BALANCE ASSV 1*323 CACK A
LON(* BELLOWS GELL 1*32* CACL A
FEEL SYSTEM BALANCE 1*321 CACK A

*VISCOUS DAMPING CAD CAC 022222220
STAB VISCOUS OAMPER 14334 CADA A
*TRIM POSITION INDICATE CAE KBE H 001000020

CAE CAC
POSITION TRANSMITTER 51625 CAEA A
STAB POSITION INDICATOR 5162A CAEB A
MOOD SELECT CAZ L CAG OAAAAAAAO
*AIHCRAFT YAW CS CRA C 082222280
*CONTROL SURFACE CBA CBB CBH AAAAAAAAA

CBA CS AAAAAAAAA
RUDDER ASSEMBLY 14410 CBAA A
HORN ASSY 14411 CBAB ATE HONEYCOMB 14412 CBAC 2

TE ASSY 14413 CUAD 3
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RUDDER STRUCTURE 14414 CoAx A

"INK FITTING IA C€AP A

COUNTER BALANCE WEIGHT 14410 CA S
RUDDER ROTARY DAMPER 1*425 CSAN

.RUOOER POSITIONING CBSAim COAA AAAAA
Cal Coc
cn cr
CO KEA

Ur MUUER POWER CONTROL CYI, 1*423 COSA A
V" *MECHANICAL LINKAGE Cm CE Cn AAAAAAAAA

U-CRC CUP
SCRC Cox

WALKING SEAN UELLCHANK 1442s COCA A
*VISCOUS AMPI N G ¢!0 c Oq B 055555, I50

RUDOLR VISCOUS DAMPER 14424 CODA A

RELIEF VALVE 1442* Ce A

CHECK VALVE 1442s COC A

*FEEL FORCE ANU FEEL TRIM COF COG CDC 072222270

COP K"
RUDDER FEEL SELECTOR VALVE 14433 COFA A

RUDDER FEEL CYLINDER 14432 CUPs A

ACTUATOR ASSi 14331 CUFC A

IDLLR ASSY 14136 CFO A

RUDDER AIR SPEED SWITCH 1*421E CIFE A

eYAW TRANSMIT CK C" CRC AAAAAAAAA

RUDDER CONTROL CABLES 14, 2s CICA A

CABLE PULLEY 142* cUE 5

BELLCRANK 14412* CUC A

CONTROL RODS 14*2* CeED A

*YAW AND TRIM INITIATE CO CAZ CUF FAAAAAAAAA

CUR CUE FAAAAAAAAA

CUR CoC SAAAAAAAAA

RUODER PEDALS 14428 COA A

TRIM SWITCH 14435 CBS6 A

RUDDER TRIM TRANSMITTER 51624 C8UK A

W*RuuCER POSITION INDICATE CUH KAD H 031000010

RUDUER POSITION TRANSMITTER 51624 COHA A
RUCUER POSITION INDICATOR 51623 C" A

*MOOL SELECTION CAZ L Cos AAAAAAAAA

*AILLRON RUDDER INTERCONNECT CUx CSXA CDC 011111110~Cox CMX

Cox CAZ
Cox KAB
Cox KAA

ARI MANUAL CUXA LCCF CoC 011111110

ARI SERVO ACTUATOR 1422 CSXAA A
ARI $ERVO 1421 CXAS A

AR! AUTO CUxe RCCF CRCA 011111110

ARI SERVO ACTUATOR 1*422 CUXAA A

AR! SFRVO 14*21 CUXAB A

*AIRC AFT ROLL CC RCCA C OAAAAAAAO
CC LCCA

*RT wING CONTROL SURFACES RCCA RCCS CC 09444490
RCCA RCCCRCCA RCCDA

RIGHT AILERON ASSY 14210 RCCAA C
RIGHT INBOARD SPOILER ASSY 14240 RCCAS 2

RIGHT OUTROARD SPOILER ASSY 14240 RCCAC 2

*AILIERON DAMPING RCCO KEA RCCA 062222260

DAMPER CYLINDER ASSY 14221 RCCDA A

RELIEF VALVE 1*229 RCCDS A

*SPOILFR POSITIONING RCCe RCCE RCCA 021111130

RCCU KOA
RCCB KEA

INBOARD SPOILER PWR CYL 14252 RCCUA A
OUlUOARO SPOILER PWR CYL 1A252 RCCSS ,

SPOILER FOLLOW UP ROD ASSY 125s* RCCUUA A

FOLLOW UP TORQUE TUBE ASSY 1425s RCCBB A

LATERAL CONTROL ROD ASSY 1425s RCCBSC A

DUAL SERVO VALVE 1*253 RCCIBD A

*AILLIRON POSITIONING RCCC RCCE RCCA 096666690

RCCC KEA
RCCC KDA
RCCC RCOC

AILLRON POWER CONTROL CYL 14222 RCCCA A

LAT CTRL NELLCRANK ASSY 14225 RCCCB A

LAT CTRL ROD ASSY 1*210 RCCCC A

*MECHANICAL LINKAGE MCCC RCCF RCCC FAAAAAAAAA

RCCE CF RCCH FAAAAAAAAA
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Mcce mCCA SAAAAAAAAA
mcce RCCG mcci AAAAAAAAA

WALKING KEAN KIELLCANK 1*271 RCCEA A
IOLER ASSEMBLY 14272 mccic A
LATERAL CONTROL LINKAGE 14270 RCCEO A
*FEEL FORCE AM) FEEL TRIM mCCF CC" CC" O7222TO

Rccv KMA Ccl AAAAAAAAA
RCCF Cox AAAAAAAAA

CARTRIDGE JACK ACTUATOR 1*811 RCCFA A
TRIM ROTARY ACTUATOR 1*261 RCEF A
FLEX DRIVE CABLE 21466 CCFc A
ELECTRICAL CONTROL 1*86* mCCvD A
ARI POSITION TRANSDUCER Sl1R ¢CF[ A
*ROLL TRANSMISSION Rcco ¢CH C CCE 096666490
OVERRIDE SPRING CARTRIDGE 14223 RCCSA A
LINKAGE 1*28* RCCS A
$AILERON POSITION TRANSMIT RCCJ RCCE 031000010

RCCJ CCF
Acci KAO

WING POSITION TRANSMITTER SIU RCCJA A
AILLRON POSITION INDICATOR 51621 RCCJS A
*LEFT WING CONTROL SURFACES LCCA LCCs Cc 096666690

LCCA LCCC
LCCA LCCD

LEFT AILERON ASSEMBLY 14210 LCCAA A
LEFT INBOARD SPOILER ASSY 14240 LCCAS 2
LEFT OUTBOARD SPOILER ASSY 14240 LCCAC 2
*AILERON DAMPING LCCD KEA LCCA 062222260
RELIEF VALVE 1229 LCCO6 A

*SPOILER POSITIONING LCC8 LCCE LCCA 021111120
LCC8 KEA
LCCS KCA

INBOARD SPOILER PWR CYL 14252 LCCBA A
OUTBOARD SPOILER PoR CYL 1*258 LCCUS A
SPOILER FOLLOW UP ROD ASSY 1*25* LCCSSA A
FOLLOW UP TOROUE TUBE ASSY 14250 LCCUIS A
LATERAL CONTROL ROD ASSY 1*2b* LCC8C A
DUAL SERVO VALVE 14253 L¢CBO A
*AILERON POSITIONING LCCC LCCE LCCA 096666690

LCCC LCDC
LCCC KEA
LCCC KCA

AILERON POWER CONTROL CYL 1*222 LCCC^ A
LAT CTNL BELLCRANK ASSY 14225 LCCCb A
LAT CTRL ROD ASSY 1*218 LCCCC A
*MECHANICAL LINKAGE LCCE LCCF LCCC AAAAAAAAA

LCCE LCCG LCCJ AAAAAAAAA
LCCE CF LCCB AAAAAAAAA

WALKING BEAM BELLCkANK 14271 LCCEA A
IDLER ASSY 1*272 LCCEC A
LATERAL CONTROL LINKAGE 14270 LCCEO A
*FEEL FORCE ANO) FEEL TRIM LCCF CCH CCH 072222270

LCCF KAA CCC AAAAAAAAA
LCCF Cox AAAAAAAAA

CARTRIDGE JACK ACTUATOR 14262 LCCFA A
TRIM ROTARY ACTUATOR 1*261 LCCFB A
FLEX DRIVE CAbLE 14266 LCCFC A
ELECTRICAL CONTROL 14269 LCCFD A
ART POSITION TRANSDUCER 5162R LCCFE A

'" $ROLL TRANSMISSION LCCS CCN LCCE 096666690
OVERRIDE SPRING CARTRIDGE 1*Z23 LCCOA A
LINKAGE 14119 LCCGO A

a, *AILERON POSITION TRANSMIT LCCJ LCCF H 030000010
cl LCCJ LCCE

LCCJ KADWING POSITION TRANSMITTER 51622 LCCJA A

AILLHON POSITION INDICATOR 51621 LCCJO A
*ROLL AND TRIM INITIATE CCH LCCF LCCF F099999990

CCH RCCF RCCF F099999990
CCH CAZ LCCG FAAAAAAAAA
CC" KBA RCCG FAAAAAAAAA
CCH CC SAAAAAAAAA

LATERAL TORQUE TUBE 14118 CCHA A
CONIOL STICK ASSY 14110 CCH8 A
TRIM SWITCH 14115 CCHC A

*MODE SELECT CAZ L CCH AAAAAAAAA
LIF' AUGMENTATION CO COA C 040000270

Co COB
CD COC
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BOUNDARY LAYER CONTROL COA RCDAA CO ""a""
COA LCOAA

sR1GMT iOUNDARY LAYER AIR RCOAA RCOAAA COA AAAAAAAAA
RCOAA RCDAAS COAE AAAAAMA
RCOAA RCDAAC
RCOIAA BN

*RIGHT TE ROUNDARY LAYER SYS RCAAA RCW RCDAA B00SO W
DUCT 41541 RCO"AA A
SHUTOFF VALVE 415* RCDAAAS A
TE INDICATOR S1731 RCOAAAC I
TE TRANSMITTER 51714 RCDAAA A
SHUTOFF VALVE SWITCH %15*7 RCODAAAE A
CLAMP *154 RCOAAAF A
SEAL 415*5 RCOAAA$ A
OUTLET NOZZLE %1SA RCDAAA1 A
TE POSITION SWITCH *l5* RCOAAAJ A

*RIGHT LE CENTER WING SYSTEM RCOAAc RCOAD RCDAA $8410008"
W/F ULC BELLOWS *1521 RCOAACA A
INNER OUTBOARD CHAMBER S122 RCDAA A
CENTER CHAMBER IS23 RCOAACC A
INNER CHANM= 4 *1,2 RCDAACD A
OUTbOARU CHAMBER a1S5 RCDAACE A
CLAW *1526 RCDAACF A
COUPLING *I17 RCDAACS A
FLEXIBLE SEAL *1528 RCDAACH A
LE INDICATOR 52711 RCDAACJ 1
LE TRANSMITTER 51712 RCOAACK I
sRtIHT I.E OUTER WINS SYSTEM RCDAAB RCDAC RCOAA 680004.6

BELLOWS ASSY 41531 RCOAASA A
DUCT *1532 RCOAAGS A
LE CUTOFF VALVE *1533 RCOAABC A
CLAMP 4153* RCDAASO A
COUPLING *1535 RCOAABE A
FLEXIBLE SEAL 41536 RCOAABF A
SHUTOFF VALVE SWITCH 41537 RCDAAS A
SHUTOFF VALVE LINK *153 RCDAARH A
*RIGHT TE PHORNY AIR INITIATE RCDAB RCOO RCOAAA AAAAAAAAA .

*RIGHT LE CENTER AIR INITIAT RCOAC RCOSSA RCDAAC AAAAAAAAA

*RIGHT LE OUTBRD AIR INITIAT RCDA" RCOC RCDAAB AAAAAAAAA
*LEFT BOUNDARY LAYER AIR LCDAA LCDAAA CDA AAAAAAAAA

LCDAA LCDAAB CDAE AAAAAAAAA
LCDAA LCOAAC
LCDAA LAC

*LEFT TE BOUNDARY LAYER SYS LCOAAA LCDAB LCOAA Ol00ANO

DUCT 41S,1 LCOAAAA A
SHUTOFF VALVE *152 LCDAAAB A
TE INDICATOR 51731 LCDAAAC I
TE TRANSMITTER 5171* LCDAAAO 1

SHUTOFF VALVE SWITCH *15*7 LCOAAAE A
CLAMP 41546 LCOAAAF A

SEAL 4156 LCDAAAG A
OUTLET NOZZLE 4154A LCOAAAH A
TE POSITION SNITCH *,15S LCDAAAJ A
*LEFT LE CENTER WING SYSTEM LCDAAC LCOAD LCDAA 08000080

W/F tOLC BELLOWS *1521 LCDAACA A
INNER OUTBOARD CHAMBER 41522 LCDAACS A
CENTER CHAMBER I123 LCDAACC A
INNER CHAMBER *152*s LCDAACO A
OUTrOARD CHAMtbER 41525 LCOAACE A

CLAMP *1526 LCOAACF A
COUPLING *1527 LCDAACG A
FLEX SEAL 41524 LCOAACH A
LE INDICATOR 52711 LCOAACJ 1
LE TRANSMITTER 51712 LCDAACK I

*LEFT LI OUTER WING SYSTEN LCDAAB LCDAC LCOAA 080000880

BELLOWS ASSY 41531 LCOAABA A

DUCT *1532 LCDAABB A
LE CUTOFF VALVE 41533 LCOAABC A

CLAP 41534 LCOAABO A

COUPLING 41535 LCOAABE A

FLEAIRLE SEAL 41536 LCOAASF A

SHUTOFF VALVE SWITCH *1537 LCOAABO A
SHUTOFF VALVE LINK 41538 LCDAABH A

$LEFT TE ANORY AIR INITIATE LCDAB LCDSOS LCOAAA AAAAAAAAA

$LEFT LE CNTR AIR INITIATE LCDAC LCDBBA LCOAAS AAAAAAAAA

$LEFT LE OUTURD AIR INITIATE LCOAD LCOBBC LCOAAC AAAAAAAAA

*BOUNDARY LAYER WARNING COAE RCOAA H AAAAAAAAA
CDAE LCDAA
COAC KAE
COA- COB
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MALFUNCTION LIGHT *1551 COMEA A
LIMIT SWITCH *1558 ComE A

f1'APCOTROL SYSTEM 14506 Cos CODA Co 67S60671S
<COS CoaE AAAAAAAAA

sCONTWO SURFACES COSA CONS coo AAAAAAAAA

I.E LEFT OUTOARO FLAP 14530 LCOSAA LCOUSA CODA AAAAAAAAA
LCOSAA LCUCE

L IE RIGHT OUTBOARD FLAP 1*5S30 KCOMA RCOUA CODA AAAAAAAAA

L.E CENTER LEFT FLAP 1*580 LCOSAS LCOUS CODA AAAAAAAAA

LCOSAB LCOUE

L.E CENTER MIGHT FLAP 14520 RCOAS KOMS CODA AAAAAAAAA[
I.E NBOAD LET FLP 1*10 COBS LCOUIM OAAAAAA

LE INfBOARD RIEFT FLAP 1*410 LCOSAC LCOSIC COBA AAAAAAAAA
RCOBAC LCOSE

YE LEFT FLAP 1*5*0 LCOSAO LCOIUO COBA AAAAAAAAA'ALCOSAO LCDIE
TE NIGHT FLAP 145*0 ACOSAD RC09O CODA AAAAAAAAA

RCOSA ACOM
*HYDRAULIC ACTUATION OF FLAP COBB COIC COSA CDOE 555555
*1410 ACT L.E LEFT OUTBOARD LCOSSA LCOSCA LCOSAA AAAAAAAAA

LCD§OA LCDAC AAAAAAAAA
ACTUATING CYLINDER 1*558 LCOSAA A
ONE WAY RESTRICTOR VALVE 1*55. LCOSSAB A
SH4UTTLE VALVE 1*54 LCoSAC A
ONE WAY RESTRICTOR 1054 LCOSSAO A

$:TO0 ACT LE RIGHT OUTBOARD RCOSSA COSCA RCDSAA AAAAAAAAA
ACOGBA RCOAC AAAAAAAAA

ACTUATING CYLINDER 1*SS8 ACOSBAA A1 ONE bAY RESTRICTOR VALVE 1*55* ECOBSAS A
SHUTTLE VALVE 1*55s RCD6SAC A
ONE WAY RESTRICTOR 1*55* RCODSADA

*1410Y ACT LE CENTER LEFT LCOls6S COSCS LCDBAS AAAAAAAAA
ACTUATING CYLINDER 1*557 LCDIISA A

ONE WAY RESTRICTOR 1*55* LCDOMS AILONE WAY RESTRICTOR 1*55* LCDSBO A
*1410 ACT L.E CENTER RIGHT RCOON COSCI RCO6AB AAAAAAAAA

ACTUATING CYLINDER 1*557 RCDSSSA
OWE WAY RESTRICTOR 1*550 RCOBMO A
SHUTTLE VALVE 1*55* RCDSUSC A
ONE WAY RESTRICTOR 1*55* RCOISSO A

*1410 ACT I.E INIIOARD LEFT LCD86C COSCC LCOIAC AAAAAAAAA

ACTUATING CYLINDER 1*056 LCOBBCA LDCLCA AAAAA
ONE tlAY RESTRICTOR 1*55* LCIBdC6 AISHUTTLE VALVE 1*5b* LCOBSCC A
ONE WAY RESTRICTOR 1*55s LCOOBCD A

sNYD ACT LE IN60ARD RIGHT ACOSOC COOCC RCD6AC AAAAAAAAA'I.RCOSC RCDAD AAAAAAAAA
aACTUATING CYLINDER 1*556 RCOSCA A

ONE WAY RESTRICTOR 1*55* RCDBCB A
SHUTTLE VALVE 1455S RCD88CC A

*HYDRAULIC DISTRIBUTION CDOC KEA COCA AAAAAAAAA
COOC CD8CB AAAAAAAAA
CoaC CDOCC AAAAAAAAA

HYD DIST LE FLAPS CD13CA COOD COBB AAAAAAAAl
COICA CDOl AAAAAAAA&

HYD SOLENOID SELECTOR VALVE 1*552 COSCAA AI:ONE WAY RESTRICTOR VALVE 1455* COSCAS A
DUMP VALVE OVERBOARD DRAIN 14554 COCACA

*1410 ACTUATION LEFT TE FLAP LCDSBO CDBC8 LCDBAD AAAAAAAAA
LCDBBD CDOCC LCDAS AAAAAAAAA

ACTUATING CYLINDER 1*555 LCDBBOA A1 :SHUTTLE VALVE 1*55* LCD6008 A
*HYD ACTUATION RIGHT YE FLAP RCOISD COUCI RCDAAD AAAAAAAAA

RCDSSD CDSCC RCVAB AAAAAAAAA
ACTUATING CYLINDER 14555 RCOBBDA A
SHUTTLE VALVE 1*55* RCD8BDB A

'~ r*4YODI0ST YE FLAP HALF OWN COOCS CDSD CDOl AAAAAAAAA
COOCS LCDBBD AAAAAAAAA
COOC9 ACDSSO AAAAAAAAA

HYD FLOW DIVIDER 14553 CDBCOA A
ONE WAY RESTRICTOR 1455* CDSCOB A

ONE WAY RESYRICTOR 1*55* COCAB A

14YD SOL SELECTOR l'ALVE 14552 CDOCAA A
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*HID DIST It FLAP FULL DOWN COCC CUD COO AAAAAAAA
CO¢CC LCOUU AAAAAAAAA
COUCC RCOuJ0 AAAAAAAAA

HTo FLOW DIVIUEk 1455 COCCA A
ONE WAY RESTRICTOR lo* CoUCCe A
ONE WAY RESTRICTOR 145s COmCCC A
HID SOLENOID SELECTOR VALVE 1S1t C0UCCO A

$ELECTRICAL CONTROL Como come COaC AAAAAAAAA
CUDo K90 COUP AAAAAAAAA

RI OUTBOARD LE UP LIMIT SW 14SSF CUBOA I
LEFT OUTBID LE UP LIMIT SW 1455F COlS 1
RT INBOARO LE UP LIMIT SV 1455F COOK
LEFT INOARO LE UP LIMIT SO I155P COOK 1
RT CENTER LE UP LIMIT SO 155F f0901 DE
LEFT CENTER LE UP LIMIT SW 1*SSF COUP 1
RT T UP LIMIT SWITCH 1455F CON$S 1
LLFT TI UP LIMIT SWITCH 1455F ClOH I
RT IL HALF UP LIMIT SWITCH 14SSF C00J I
LEFT TE HALF UP LIMIT SW INSIF COalO I
FLAP AIRSPEED SWITCH 1*SK COmL A
*FLAP POSITION INITIATE COBB L COUD AAAAAAAAA

COB COF AAAAAAAAA
FLAP CONTROL "wITCH 1455 COUGA A

*PNEUMATIC ACTUATION OF FLAP CosE C1F CODA K CDOB 000000840
LEFT OUTORD ACTUATING CYL 1*558 LCOAA A
RIGHT OUTBRD ACTUATING CYL 1SSA RCODBAA A
LEFT CENTER ACTUATING CYL 1*557 LCOMBA A
RIGHT CENTER ACTUATING CYL 1*557 RCOIIBA A
LEFT INBOARD ACTUATING CYL 1*56 LCOBSCA A
RIGHT INBOARD ACTUATING CYL 1*556 RCOICA A
LEFT TE ACTUATING CYLINOER 14555 LCDIIOA A
R1GHT TI ACTUATING CYLINDER 1*SSS RCUOiJA A
*PNEUMATIC DISTRIBUTION CDBP COOH COE AAAAAAAAA

CowP KGA
LL OUTBRO LEFT SHUTTLE VLV 1*550 LCOUBAC A
LE OUTIDR RIGHT SHUTTLE VLV 1*55* RCOIBAC A

LE INROD LEFT SHUTTLE VALVE 1*554 LCOBCC A
LE INSRU RIGHT SHUTTLE VLV 155s* RCOBGCC A
LE CENTER LEFT SHUTTLE VLV 155s* LCOBSUC A
LE CENTER RIGHT SHUTTL.L VLV 155s* RCDISBC A
IE RIGHT SHUTTLE VALVE 1e55* RCOSom A
TE LEFT SHUTTLC VALVE 1*5b* LCOBUOS A
CROSS FITTING 1*55s CrUFA A

EER FLAP AIR SELECTOR VLV 1*SS* COUF A
PNEUMATIC CHECK VALVE 1*55* COBFC A
PNEUMATIC CSREENED FITTING 155s* CUOFO A
ENEK FLAP AIR PRES$URE GAGE 1*SS* COUPE I
RELIEF VALVE 1*55s COOFF A
EMERGENCY FLAP AIR BOTTLE 1*5Ss COIFB A
PNEUMATIC CHECK VALVE 1*55* CDGFH A
*FLAP FMER POSITION INITIATC COBH L CO AAAAAAAAA
$FLAP POSITION INOICATE CDOJ KBA H 050000350

COSd KAE
CoDJ COlA

POSITION TRANSMITTER 51628 CU6JA A
POSITION INDICATOR 51627 CDBlA A
*AILERON DROOP HYDRAULIC CDC LCOC CO 070000770

CDC RCOC
$LEFT AILERON UROOP LCDC COD LCCC AAAAAAAAA

LCOC CDC AAAAAAAAA

0DROOP CYLINDER 1*22* LCOCA A
SRIGHT AILERON DROOP RCC COO RCCC AAAAAAAAA

RCODC CDC AAAAAAAAA
DROOP CYLINDER 14224 COCA A
*UROOP ACTUATE COO COSCA LCDC FAAAAAAAAA

COO COBS RCDC FAAAAAAAAA
COO CDC SAAAAAAAAA

HYDRAINLIC CHECK VALVE 1422* CODA A
MANUAL HYDRAULIC YPASS VLV 1*22* COOk A
2 %AY RESTRICTOR 1*22* COOC A
HYDRAULIC FIL TER 1422* CDOE A
*AILLHON DROOP ELECTRICAL CDE LCOE CD 070000770

COE RCDE
#'EFT AILERON DROOP LCOC COF LCCC AAAAAAAAA

LCDE COE AAAAAAAAA
LLtCTPICAL DROOP ACTUATOR 1422E LCDEA A

*RIGHT AILERON DROOP RCOE CDF RCCC AAAAAAAAA
RCDE COE AAAAAAAAA

ELECTRICAL DROOP ACTUATOR 1422E RCOEA A
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0*00$ ACTUATE COP COM am FAAAAAAAAA
COP LCOE FAAAAAAAAA
COP COE SAAAAAAAAA

OR0OP All. EXlMI)U RLLAY 11226 COPA AI, SPILLO CONTROL AIR 9 CE LCEA C 000035660
a ?9 CC 9RCEA

*LC I k'EED IORAKI 9 CA CR CE AAAAAAAAA
'lbS~ L~ NAK A~& V LCEA LCEJ AAAAAAAAA
ll>S4JBAEAb~%Y 9)1*10 LCEAA A

06 1%XtYCO~n S%1'4 9I14611 LCEAS b
0? SPELO SRAKE CYLINOIR 9111623 LCEACA

*.m:~f SPEED IINAKF 9 RCEA CEO CE AAAAAAAAA
9 RCEA RCEJ AAAAAAAAA

10 SPLLI) BRAKE A~jSL~lLY 9146010 RCEAA A
itI *WNLICON&9 SKIll 9111611 RCEAII 51I.Z SILW bRAKE CYLINIUR 91sb23 RCEAC A

SPELU BRAKE ACTUATION 9 CEO CCC LCEA FAAAAAAAAA
9 CEO RCEA FAAAAAAAAA

CEO CE SAAAAAAAAA
Ib FLO'W D'IVIDER 9 CESA A

*I4VORAILIC ACTUATION 9 CCC CEO CEOI AAAAAAAAA

189 CEC CEF

?I H21 lCCEK AV 9141620 CC A
*NRA XEr9 CEO CEO CEC AAAAAAAAA

1SPEU SNAKE CONTROL SWITCH 914.627 CEDA Ar
25 MANJUAL RETRACT SWITCH 914662A CEFAA
26 SPIED BRAKE CIRCUIT URLAKER9102s CESA A

SNORMAL RETRACT 9 CEE CEO CCC 000111130ii28 SPEED BRAKE CONTROL SWITCH 91'l627 CEDA AV
24 MANUAL RETRACT SWITCHi 911162A CEFAA
30 SILDU SNAKE CIRCUIT LINCAKERI162' CEGA A
31 SPEWD BRAKE RLTRACT RLLAV 9)1462' CECA A
oEME~ffCT RETRACT 9 CEF CEO CEC K CEF 052222260tI33 MANUAL RETRACT SWITCH 914162A CEPA A
*ELECTRICAL CONTROL 9 CEO K~lO CEO FAAAAAAAAA

9 CEO CCII CCC FAAAAAAAAA
9 CEO CEF FAAAAAAAAA

CEO CCC SAAAAAAAAA
SPELl) SNAKE INIIAL 9 CEM L CEO 0531112S0
OI SPELl) BRAKE POSIT IND0 LEFT 9 LCE~J LcEA CEK AAAAAAAAA

Q LCEJ KEA '
59 LLFI SPEED DRAKE POSIT SW 911162' LCEJA A
%10 RETRACT LIMIT SWITCH 91416281 LCEJO A

0 SPEL) bNAKE POSIT Ittl RIGHT9 kCEJ RcEA CCK AAAAAAAAA

112 RIGHT SPED BRAKE POSIT SW 911162' kCEJA A '
435 RETHACT LIMIT SWITC11 911161 ACEkjI A

6WARN11)6 INDICATE 15 CEK ACE. H01110
441 9 CEK LCE.J

9 CEK KAE
1&S SP'L 01RAKE WAkNIb LIOH7S 9116531 CEKA A
416 WARN. LIONTS 5AMP FUSE 911163s CEKO

6UILPANCE AND ILT CONTHL SVSA CF EcC CAB 001101100
A CF C41 001101100
A CF RCCE 001101100

A CF LCCE 001101100
CF R8PC AAAAAAAAA
CF L9FC AAAAAAAAA
CF ROAC AAAAAAf.AA
CF L'ABC AAAAAAAAA
CF HUD AAAAAAAAA
CF HORD1 AAAAAAAAA

02 NOTIONAL PICKUP TRANSDUCE:R A57112 CFAA
05 ENGAGINu CONTROLLER A5711L CFII A
411 PITC14 RATE GYRO A57116 CFC A
0S ROLL RlATE GYRO AS7110l CFO A
06 YAw l(A7E GYRO A57IIS CFE A
07 LATLHAL ACCLLLMOMETII A%?117 CFF A

00 G LIMITING ACCLLCOOM.TCR A5711A CF6 A
09 CONTROL AMPLIFIER AS?111100 CF14 A
10 AUTOPILOT COUPLER A5711F CFJi A
11 LATLHAL SFRIES SERVO ACT A111251 RCFK A
12I LAILHAL SEWS~ SEkVO ACT A1112bl LCFK1 A
13 AUTOPILOT WARNING LI6HT A57116 CFL 2
111 AUTOPILOT OISLNAGL WARN LT A57116 CFM 2

15I PITCHi AUG OFF %ARNINO LT A57114 CFH 2
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LA)4D0117 GEAR

DEP CD AL SEMSIIVY
TITLE WUC ALPHA 111MT FUNC FC FN W 12 3456789

00 LANUING GEAR a D DAA 0100000A0
00 9 0 A
01 EXTEND LANDIN6 GEAn 8 DAA DAAA 0 0000000A0

03 EXTLN0 MAIN LANDING GER 8 DAAOAAA DAA ASAAA
04B DAAA LDAAAA

0S AML6 FULLj DOWN AND LOCKED S ROAAAA ROAAAB VAAA AAAAAAAAA
07 RhR.G SMOCK STRUT 313*11 ROAAAAA A
06 MGs SHRINK MECHANISM 013212 ROAAAAS S
09 IWK.G DOWN LIMIT SWITCH 813141 RDAAAAC 1
10 RMG UPLOCK ONEWAY RESTRICT8l3216 ROAAAAD 5
It RSK.G SIDESRACE ACTUATOR 813210 RDAAAAE A
12 RML6 UPLOCK SEQ VALVE ASSY 31321S ROAAAAF A
13 RML6 IJPLK + INOD OR SHYT VLVD13214 RDAAAA6 A
14. RML6 UPLOCK NLCHANISM 913117 ROAAAAM A
IS nesG, SIUCOAC ACT ONEWY kSTM81321* ROAAAAJ S
16 RNLf# UPLOCK ACTUATOR 81321* RDAAAAO( A
17 R.G WHEEL * TIRE ASSV 613251 ROAAAAL A
13 RNLo DRAG BEAM PAD'S 8132*0 ROAAAAN 5
19 RNL6 OUTOARD DOOR 513235 ROAAAAN 5

RMS STRUT DOOR 013234 ROAAAAP S f'
R14LG SCISSORS SWITCH 913145 ADAAAAG I

22 LANDING BEAR DUMP VALVE 813155 DAAAAR I
23 OWLS 00790, DOOR DRIVE LINK 613230 ROAAAAS A
ORML6 INOOARD DOOR OPEN Bi RDAAAS DAAC ROAAAA AAAAAAAAA

0 RDAAA8 H AAAAAAAAA
a NDAAAB ROABAB AAAAAAAAA

27 RML. INUD ORt ACT 0NWV RESTRO1323o RDAAASA 5
26 OWL6 UPLK ONEWAY RESTRICTOR8I32X6 RDAAAAD 5
29 RML6 INDO DOOR M4ECHANISM4 81323o RDAAA88 A

-30 OWL6 INSO DOOR SELLCRANK 613231 AOAAABC A
31 RMLG INBOARD DOOR 913236 RDAAABO 5
32 KNI.'. UPLKC + INbO OR SHT VLVS13214 RDAAAAG A
33 RMLG UPLOCK SEQ VALVE ASS? 513215 RDAAAAF A
314 RMLS INO DOOR ACTUATOR 91323* RDAAABE A
35 RMLG DOOR CLOSE LIMIT Sw B13141 ROAAAP 1

#LMLG FULL DOWN AND LOCKED B LDAAAA LDAAAB DAAA AAAAAAAAA
a LOAAAA H AAAAAAAAA .

SR LMLG SHOCK STRUT 813211 LOAAAAA A
39 LML6 SHRINK MECHANISM P13212 LDAAAAB 5
4.0 LNLG DOWN LIMIT SWITCH 613142 LOAAAAC I
4.1 LMLG UPLOCK ONEWAY RESTRICT813216 LDAAAAD 5
'.2 LML6 SIDEBRACE ACTUATOR 01312D LOAAAAE A
'.3 LNLc, UPLOCK SEQ VALVE ASSY B13215 LOAAAAF A i
44* LML6 IJPLK + INOD DR SHIT VLVO13214 LDAAAAG A
4.5 LNLG UPLOCK MECHANISM 813217 LDAAAAH A
4.6 LML. SIDEBRC ACT ONEWY RSTRBI321* LOAAAAJ 5
4.7 LNLG UPLOCK ACTUATOR 81321* LOAAAAK A
'.9 LK WHEEL + TIRE ASSY 813251 LDAAAAL A
4.9 LMLG DlRAG BEAM PAUb B132*s LOAAAAM A
50 LMLG OUTBOARD DOOR 813235 LOAAAAN 5
51 LMLG STRUT DOOR 81323. LDAAAAP 5
52 LML6 SCISSORS SWITCH 813145 LDAAAAQ I
53 LANUING GEAR DUMP VALVE 813155 DAAAAR I
5'. LMLG OUTO DOOR DRIVE LINK 81323B LDAAAAS 5

*LMLbv INBOARD DOOR OPEN B LDAAAS OAAC LDAAAA AAAAAAAAA
b LDAAAB LOABAB A'.AAAAAAA
B LDAAAB H AAAAAAAAA

'135 LML6 11*10 ON ACT ONWY RESTR81323* LDAAABA 5
S9 LNLG UPLK ONEWIAY RLSTRICTORBI3216* LDAAAAD 5
60 LMLba INSD 00CR MECHANISM 81323* LDAAABB A t

c 61 LMLID INO DOOR BELLCRANK 813232 LOAAARC A
62 LMLb INBD DOORI W±236 LDAAABD 5
63 LML(p IIPPK + 11*10 DR SHT VLV013214 LDAAAAG A
6'. LMLG UPLOCK SEQ VALVE ASS? 813215 LDAAAAF A
65 LM4LG 11*10 DOOR ACTUATOR 81323s LDAAARE A
66 LMLG DOOR CLOSE LIMIT SW 813141 LDAAARF I
*EXTEND 14OSE LANDING GEAR B DAAB DAA8A OAA 55555S555
*NLG FULL DOWN AND LOCKED RI DAADA DAAB8 DAAB AAAAAAAAA

8 OAABA H AAAAAAAAA
70 HLG DOWN LIMIT SWITCH 813143 OAAHAA 1
71 NLG WHEEL AND TIRE ASS? 813331 DAABAC A
72 NLo UPLOCK SEQUENCE VALVE 813312 DAABAD A
73 NLG SHOCK STRUT P13313 DAA8AE A
74. NL6 DnAG BRACE ACTUATOR .331P DAABAG A
76 NLG UPLK + AFT OR SHT VLV 813326 DAABAH A

NLG UPLK ACT OMWY RESTRICTRBI3*s# DAABAJ 5
78 LANUING GEAR DWMP VALVE 813155 OAAAAR 1

NLG AFT DOOR OPEN B 0AABB DAAC DABBB AAAAAAAAA
B DAAB8 DAABA AAAAAAAAA
BI DAABB H AAAAAAAAA
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82 NLG UPLOCK ACTUATOR 8131 DAABAG A

83 NLG UPLOCK MECHANISM 9133 OAAUA A
80 NLG UPLK + AFT DR SHT VLV 013326 DAASAH A
85 NLG AFT DOOR 813324 OAAS86 5
66 NLG FOWARD DOOR 513328 OAAUO S
67 NLG UPLOCK BELLCRANK 013322 OAABSE A

*LANDING GEAR ACTUATION B DAAC DA RDAAAS FAAAAAAAAA
B DAAC OS LDAAAB FAAAAAAAAA
B DAAC DAABS FAAAAAAAAA

DAAC DAA SAAAAAAAAA
NORMAL L GEAR OPERATE DA DAC DAAC DI' 000000050

DA DABC D 000000050
*HYORAU FLO REG + DIST TO LB6 DAC DAW DA AAAAAAAAA

a DAC KEA ASOB AAAAAAAAA
93 LANDING BEAR SELECTOR VALVED15121 DACA A

TUBING B131** DACB A
95 RESTRICTOR VALVE 813122 DACC 5
96 ELECTRICAL SEQUENCING CNTRLB DAD DAE DAC AAAAAAAAA
97 LANDING BEAR CIRCUIT BREAKRB13110 DADA A
98 LANDING GEAR CONTROL SWITCH813112 DADS A
90 !.ANDING GEAR AUX RELAY 81311* OADC A

-MODE SELECT B DAE KB DAD AAAAAAAAA
Al a DAE L
A2 LANDING GEAR CONTROL HANLEBS1311 DAEA A
A3 CONTROL HANDLE WARN LITE B1311* DAEAA A
A4 LANDING GEhR CONTROL SWITCHSB13112 DADS A
AS RETRACT LANDING GEAR B DAB DABA 0 OAOOO0000
A6 B DAB DABS

*RETRACT MAIN LANDING GEAR B DABA RDABAA DAB AAAAAAAAA
AS a DABA LDABAA

*RMLG INBOARD DOOR CLOSED B RDABAA RDABA8 DABA AAAAAAAAA
8 ROASAA H AAAAAAAAA

RMLG INBD DR ACT ONWY RESTRBI31** RDABAAA 5
Ri RMLb UPLOCK ONEWAY RESTRICTB13216 RDABAAB 5
82 RMLG INBD DOOR MECHANISM 81323* RDABAAC A
H3 RMLG INBD DOOR BFLLCRANK 513232 ROABAAD A
84 RNLG INBOARD DOOR 813236 RDASAAE 5
05 RMLG UPLK + INSD DR SHT VLV813214 RDABAAF A
86 RMLG UPLK SEG VALVE ASSY 813215 RDABAAG A
87 RML6 INBOARD DOOR ACTUATOR B1323* RDABAAH A
RS RMLG DOOR CLOSE LIMIT LOTCHB314I RDAABF 1

*RMLG FULL UP B ROABAR RDAAAB RDABAA AAAAAAAAA
a RDABAB DABC H AAAAAAAAA

Cl RMLG SHOCK STRUT 813211 RDABABA A
C2 RML6 SHRINK MECHANISM 813212 RDABABU S
C3 RMLG DOWN LIMIT SWITCH 813142 RDABABC 1
C4 RMLG UPLK ONEWAY RESTRICTORB13216 RDABABD 5
C5 RMLG SIDEBRACE ACTUA(OR 81321D RDABABE A
C6 RMLG SEQUENCE VALVE ASSY 813215 RDABABF A
C7 RMLG UPLK + INBD OR SHT VLV013214 RDABABO A
CS RMLG UPLOCK MECHNAISM 813217 ROABASH A
C9 MMLG SIDEBRC ACT ONWY RESTRB1321* RDABABJ 5
DO RMLG UPLOCK ACTUATOR 81321* RDABABK A

01 RMLG WHEEL + TIRE ASSY 513251 RDABABL A
02 RMLG DRAG BEAM PADS B132** RDABASM S
03 RMLG OUTBOARD DOOR 813235 RDABABN 5
04 HMLG STRUT DOOR B13234 RDABABD 5
D5 RMLG SCISSORS SWITCH 813145 RDABABQ I
07 LANDING GEAR UUMP VALVE 813155 DABABR H
08 RMLG OUTBOARD DR DRIVE LINKB13237 RDABABS A
$LMLG INBOARD DOOR CLOSED B LDABAA LDABAB DABA AAAAAAAAAI B LDABAA H AAAAAAAAA

El LMLG INBOD DR ACT ONWY RESTRB1326* LDABAAA 5
E2 LMLG 11PLK ONEWAY RESTRICTORBI3216* LDABAAB b
E3 LML6 INSD DOOR MECHANISM 61323* LDABAAC A
E4 LMLG INBD DOOR BELLCRANK 813232 LDABAAD A
E5 LMLG INUOARD DOOR 813236 LDABAAE 5
E6 LMLG UPLK + INUD DR SHT VLV813214 LDABAAF A
E7 LMLG UPLK SEO VALVE ASSY B13215 LDABAAG A
ES LMLG INBOARD ACTUATOR 81323* LDABAAH A
E9 LMLG DOOR CLOSE LIMIT SWTCHBI3141 LDABAAJ 1
*LMLG FULL UP B LDABAB LDAAAB LDABAA AAAAAAAAA

LOABAB DABC H AAAAAAAAA
F2 LMLG SHOCK STRUT B13211 LDABABA A
F3 LMLG SHRINK MECHANISM 813212 LDABABB 5
F4 LMLG DOWN LIMIT SWITCH B13142 LOABABC I
FS LMLG UPLK ONEWAY RESTRICTOR0I3216* LDABABD 5
F6 LMLG SIDEBRACE ACTUATOR 813210 LDABABE A
F? LMLG SEQUENCE VALVE ASSY 813215 LDABABF A
F8 LMLG UPLK + INBO DR SHT VLVB13214 LDABABG A
F9 LMLG UPLOCK MECHANISM B13217 LDABABH A

A -57



'10G LML6 WHEELAND TIRE ASSEMLTI38II LOASABL A
01 LML, ORA KAN PADS N138" LOASUN S
62 LML6 OUTBOARD DOOR 9I3R3S LOA•AIN S
03 LMLG STRUT DOM 51383' LOASP S
04 LMLf SCISSORS SWITCH 13145 LOASAlo IIG LANDING SAR DUMP VALVE 01315b LOASAMI I
60 OUTOOARD DOOR URIVE LINK 93137 LOASABS A
G?RETNACT NOSE LANDING GEAR DAIS DANA CAB 010000000

*NL6 AFT DOOR CLOSELu I DAIUA OAIS DAIS AAAAAAAAA
U DAIWA H AAAAAAAAA

HO NL* UPLOCK ACTUATOR 313381 DAISAA A
HI NL* UPLOCK MECHANISM 313380 DANAO A
HE NkG UPLK * AFT OR SH1 VALVEB13316 DA••AC A
H3 NLG AFT DOOR 61338. DAMSAO S
H4 NkG FOWARD DOOR 613380 DAISAG S
H5 tLG UPLOCK SELLCRANK $13321 DAIAN &
*NOSE LANDING SEAR FULL UP I OAIS DAASS DAGNA AAAAAAAAA

a OAMIS DAUC H AAAAAAAAA
Hq NLG DOWN LIMIT SWITCH 513143 DAA9AA 1
JO NLG WHEEL * TIRE ASSEMBLY 313331 DAABAC A
JI NBAG PLOCK SEQUENCE VALVE 813318 DAABAD A
Jt NI.G SHOCK STRUT 513313 DAASAE A
J3 NLG DRAG RACE ACTUATOR Si331P OAABAF A
J% NI.t UPLOCK ACTUATOR 313311 OAANAG A
JS NLG UP.K * AFT OR SHT VALVEI13326 DAAOAH A

OLANUING GEAR ACTUATION a DABC DA ROAAS FAAAAAAAAA
D DABC LOAIBS FAAAAAAAAA

a DABC LOAS FAAAAAAAAA

DAIC DAB SAAAAAAAAA
• CATAPULT LAUNCH OPERATIONS C AF oC AAAAAAAAA
OEXTL14D NOSE CZEAR STRUT C DC DCA AF p 070000000
'HI PRrSS AIR REG * DIST C OCA DC DC AAAAAAAAA

04 NOSE GEAR EXTEND SLLLCT VLVCI3317 OCAA A
05 NOSk GEAR SHOCK STRUT C13313 DAASAE A
'Il PRESS AIR SUPPLY C DCI KSA OCA P AAAAAAAAA

C DCe DAD
06 400 CIl IN AIR BOTTLE C4521A OCOA A
09 CHECK VALVE C1S5 DC94 5
10 RELILF VALVE CI31SC OCC b
I TUuING C1315s OCeO A
$ELECTRICAL SEQUENCING CONTLC DCC OCO OCb AAAAAAAAA

13 LEFT MAIN GLAR SCISSORS SW C 1315 DAAAAO A
14 NOSE GEAR STRUT EXTEND RELYC13310 DCCe A
15 NOSE SEAR STRUT EXTEND SW C1331' DCCE A
18 EMER4ENCY OPERATION LG C 08 OBA OAAC K DA OOOOOOOAO
36 HI PRFSSURE AIR REG 4 0IST C DOA OB o AAAAAAAAA
37 LG EMER AIR SELECTOR VALVE C13152 OBAA A
38 PRLSSURE OPEPATED DUMP VLV C13155 DAB A
39 TWO WAY RESTRICTOR C13157 DAC A

'HI PRESSURE AIR SUPPLY C OB KOA OBA AAAAAAAAA
CHECK VALVE C13156 OCOB DeC A

42 RELIEF VALVE C1315C OCIC A
43 100 ClU IN AIR BOTTLE C1315Z DOBC A
46 CHECK VALVE C1315* 0880 A

'ELLCTRICAL SEQUENCING CONTLC DOC O 08n K AAAAAAAAA
LANUING GEAR CIRCUIT BHEAKNC1311' DADA A
LANDING CONTROL SWITCH C13112 DADS A
'MOOL SELECT C OD KBB DBC AAAAAAAAA

C 0OD L
LANDING GEAR COW'TRO. bANOLECI311l D8DA A
LANDING GEAR CIRCUIV BREAKRCI315' DADA A
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:1~~~~~i 11lN4LT~I~~IT iH (D Al. SFNITIVItY
TfftY ~Wtic ALPHA INpfUT Ft 4 CF 23 67I

*0*INTILfENIOMT 0 f CA IAAAAI

00 0 C C
es t o

SO 0 C C
000 C CF

OIOCAOIN AIRCOND AM' PRS 0 CA CAA C 003555300
as 0 0 CA LAG
03 0 CA CAC
04 0 CA CAD
es 0 CA CAF
06 0 CA CAF

*CAMIN PIESSURIZATION 0 CAA EAAA CA AAAAAAAAA
oCAOIN PRESURE CONTROL a) CA"A CAAO CAA AAAAAAAAA

09 D CA" aCA"
10 PNE~UMATIC DUmp VaAVE 0o1211 CAAAA A
It FAG) CRP? CAUIN PREU1 IND 01110 CAAA& 2
It SMN(N 0411. CAAAC A
13 CAVh. PRESS&E AEPJLATOR 041816 CAAAO A
Its CNUR. VALVE L0*I1I1I. CAAAC A
15 TIUC ATVASPNCMCIC PftS HOICDI11 CAAAF A
16 CABIN PRESS SAFEY VALVC 0*1*15 [AAA$ A
17 AFT (P.PT CABIN P6115 INDOSII M11 AAN aI.10 51.0 Am PRES ftfi # WI4OF VLVD4112F CAAAJ A
I9 STATIC P61554*1. LINE 041810 CAAMR A
SO CAIN AIR INLET VALVE DA11IF CAAAI. A

oULLED AIR-COLU AIR MIXINS 0 CAAO CAAJ CAAA LAAK AAAAAAAAA
o CAAO CAAC EAAB AAAAAAAAA

to 0 LAAD KAA
24 0 CAW) K110
24 0 CAAO L
IS TEMPERATURE CONTROL PANEL 0*611IJ LAADA A
&6 CABIN MWMAL TEMP LIMITER 041111 CAAI)S A
87 CABIN DUAL TEMP MIXING VALVOA1IIlS CAA0C A
16 NO 2 CRT RREAPR(l IANL&. 0*2152 CAAOC A

OILO) AIR PRESS. REG # DISIDt EAAJ bAN CAAD AAAAAAAAA
D EAAj Kos5 EAAS AAAAAAAAA
o CAAJ FCCO AAAAAAAAA

31 OLD AR PRLS REG # 5)ITOF VLVD*118F EAAJA A
32 RAl"ATCO MISS5 SLEiSNO LINEU4111e CAAJ11 A
33 AIR VISTRIBUTION DUCT 0141117 CAAJC A
34 TOLLAANCr COPPENSATON D4111W EAA.ID A

*AFT CUPT HEAT DIFFUSINIA 0 CAB EAAB CA 111111111
36 0 CEAB EAAK
37 FOOT HEAT AND OEF06 VALVE 0*111. CA"h A
38 5 FOOT NEAT-OCFO CONTROL LVRD41IIJ2 LASS A
39 AFT CXPT FOOT HEAT DIFFUT.ER041111 EABCA
A0 CABIN AIR INLtT VALVE 04111F CAAAL A

sWUD CUP? NEAT UIP'FUSIN) 0 CAC EAAB CA 111111111
A2 0 (AC CAAK
A3 FOOT HEAT AND DEFOG VALVE 0*1110 CACA A
44 A FOOT HEAT-OLFOG CONTROL LVRO41118 LACe A
45 FWD CUPT FOOT HEAT DIFFUSLfOAI11 CACC A
46 CAbIN AIR INLLT VALVE 041111F LAAAL A

owINb4MIELD # CANOPY DEFOG 0 CAD EAAB FCA 5555551
*0 D EAD LAAK
A9 OINOSHIELD CNT P0. OEF6 NOZD4I1O EADA A
50 uINUSNEILO SOC PM. UFO DUCTD41116 CADS A
51 FOOT MLAT-OEF0t6 VALVE D4111 CABA A
St FOOT NEAT-OEFO)G CONTROL LVRDIIl2 EASS A
S3 ANDIOLO * CANOPY DEF06 OUCTO111'I CAOC A
54 WINDSHEILD DEFOG MANIFOLD D411IN EADO A
55 MAIN All INLET VALVE 0A111F CAAAL A
56#AFT PRE$ SUT PACS/TEMP CONDO CAL EAAC CA 00355S300
57 AFT PRLSSURE SUIT 006112 EALA 1%
58 RIO0 COMPOSITE DISCONNECT 061116 ECO A
59 AFT PRESS SUT AI4FL SHTOF VLOWlIL EACC A
*~ PRESS SUIT PRLSS/TEMP REG 0 LAAC EAAL EAC AAAAAAAAA

O CAAC CAAG LAF AAAAAAAAA

63 0 LAAC KAA
614 D LAAC KeB
65 0 CAAC L
66 PRESS SAUT TMP LIMITER D4111C EAACA A
66 PRESS SAUAL TEMP LIMITER DIIIN CAACA A
68 PRESS SUIT TEMP SENSOR DA111D CAACC A
69 PRLSS SUIT PRESS RLOULATOR 041196 CAACD A
70 PREISS SUIT TEMP MIXING VALVDA1124 CAACC A
71 CHECKI VALVE 041112: CAACF A
7I PRISS SUIT MANUAL RELAY 0411*' CAACO A
73 FWD) CKPT SUIT VENT AIR SILTOA11Z EPACH A
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71 AFT CKPI SUIT VENT AIR SELT4110 LAACJ A
?SwWD PwS SUT lIP/PIES CONO CAF CAC [A 0S300
16 FWD PRESSURE WUIT 096112 CAPA A
77 PILOT COMOSITE OISCONNECT 0911JU CAF A
7 F) PIES SUT AWL SHTOF VLVIOI|L CWC A

CA IN TDMPRATURC CONTROL 0 CAMG CAAO CM CAM AAAAAAAAA
0 CA" KAA CAC CAAK AAAAAAAAA
0 CA" K10 CAD CAM AAAAAAAAA

OR 0 CA" L
A3 TEMPERATURE CONTROL PANEL 0411J CAAA A
A4 AUIO-AIAL CONTROL SbITCH 041110 CASM A
AS TIMPERATUI CONTROL KNON 041110 CAAKI A
ft MAGNETIC AMPLIFIER 041113 CAASO A
87 CAIiN TEIIRATURE $ENSOR 091111 CAASC A
GO CABIN NAMAL TEMP SENSOR OI1IR CAl rF A
09 TEMP CONTROL RHEOSTAT 091115 CAM A
0 NO 2 CRT SAEAKBR PANEL 092115 CAMDE A
OESENG CABIN AIR COND # PRESO CA"N L EAAA K EAAO OOAAA600

D CAAM KO EAS K AAD V0AAA00
U CA" CAAH CAC K CAAB O06AAA60O
o CAAK CAD K EAAB 006AAA600

93 EMERGENCY VENT CONTROL 091213 EAAKA A
" OUCTINS 0 ?1117 CAAKP A
"ePMESURE SUIT HEAT EXCHANGED EAAE CAAB EAAD 003555300

O EAAC 'Aa ZA C 00353300
7 PRESS SUIT HrA EXCHANGER O411C EAAED A
*AIR EXPANSION AND COOLING 0 LAAF EAAH EAAE 003555300

U EAAF EAAB
99 0 CAAF KRa
AO TUIbINE OVCNSPILED SWITCH 091183 EAAFA A
Al CAIN MIXING VALVE D1125 EAAFS A
Ag CAOIN TURBINE OVERSPEED I '0041120 EAAFC I
A3 COOLING TURBINE D4112 EAAFO A
sMAIN HEAT EXCHANGE 0 EAA, EAAJ EAAC AAAAAAAAA

o CAAG EAAH EAAF FAAAAAAAAA
0 EAB FCA AAAAAAAAA

A6 CABIN AIR OUTLET DUCT D1124 EAA$A A
A? RAN AIR SCOOP 0111P EAABO A
A$ CABIN HEAT EXCHANGLR D41120 CAABC A
A9 HEAT EXCHANGER DRAIN VALVE 04112* EAAGO A
SO RAM AIR OUTLET DUCT 0911K CAABE A
01 GROUND COOLING SHUTOFF VLV D1127 EAASF A
Si RUPTURE DISC D4112E CAAG A
83 RAN AIR SCOOP OWI11P CAPSH A
R RAN AR DIFFUS,.R 091110 CAAGJ A
R5 LANDING *CAR HANDLE SWITCH 013112 CAAS A
A6 LANDING GEAR AUX RLAY 01311s OADC A

*RAN AIR S1'PLY 0 EAAH CAAS FAAAAAAAAA
0 EAAH EAAK AAAAAAAAA
D CAAN CAAF AAAAAAAAA

*LQUIPMENT AIRCONDIIIONING E ES EOP E 555555555
Ol E Es Lee
01 E ES RA
01 E CB EBS

E Es EBT
AIR PRESSURE REGULATION E ESAC EBAD ESPO AAAAAAAAA

E ESAC KOO EUPC AAAAAAAAA
65 E EBAC L
66 OVENPRESSAE RELIEF VLV E41130 EBACA A
67 RAN AIR CHECK VALVE E41194 EBACS A
68 RAN AIR SHUTOFF VALVE E41145 EBACC A
69 REGULATOR SENSING LINE E4114* EBACD A
70 PRESS REG + SHTOF VLV SOL E41133 EBACE A

*BLEED AIR-RAM AIR HEAT EXCHE EGAD EBAF EBAC AAAAAAAAA
E (BAD BAN ECO AAAAAAAAA

72 HEAT EXCHANGER E4114E EBADA A
73 ,EAT EXCHANGER MOUNT BRACKTE41I9* CUADO A
79 BLEED AIR INLLT DUCT E91134 EBADC A

75 ULEEU AIR OUTLET DUCT E41134 ESADD A
*UNREG POWER SUPPLY COOLING E COP EGPC EST AAAAAAAAA

E EP EBAE EN AAAAAAAAA
*OLD AIR-COLD AIR MIX * DISTE ECPC EPD EOPS ESAE.FAAAAAAAAA

EBPC ES EIAZ S555555555
E EBPC ESAC EP ECAE F555555555
L EOPC tSo (SAE F555555555
E CUPC ESR ERAE F555555555
E ERPC EBS ERAC F55555555S
E ESPC ET EBAE F555555555

09 TEMPERATURE SENSOR E41142 EBPCA A
05 TEMPLRATURE LIMITER E41193 EBPCR A
06 RESET LATCH E4114' EOPCC A
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07 TPOATUC CO aTROL AS'T L ,41134 (UCD AOf OLbT SWITCH E411160 CKE ASALT1IUK PtS'&Ui %uITCoH (4113? C8(CF A10 FWO COCKPIT CAUTION LlHT tll%* (&WCS 2II AFT COCKPIT CAUTIO 4 LIW41 [E4114 (NPCH 2is DUCTING E4.1130% PCJ AI PK$% kSS ANO HTOF VLV EC41141A 99Pgt A*AIR LXPANSION AO COOLING E (CPU EOAC (SPC AAAAAAAAA
. ECPO KAA (Po AAAAAAAAAt4o C (mPO KUo14 E (Sm L14 t (tw0 KAE15 TUkuINE ASSEN L E41140 ISF8 A16 TUN4o|lq. MOUNTING MACkLTS E41146* [am0 AI? IUMINE PT SPAS~b VALVE toll%&. lSow A18 TURGINL INLET DUCT (41141 ([0 AIt 64W COOL E JECTORT SHTOF VLV (411e7 (WOE A20 TEMP(RATURE CONTROL ASST (41132 ENPCO A21 LANDING MA HANDLE SWITCH (1311& OAOH A

Z2 LANDING 6AAR AUX RLLAV 131l IADC A
23 RIOLS SCISSORS SWITCH E1115 OAAAAG A
24 NOSE 6EAR LIMIT SWITCH E1314% OAABAG A*UFPtR EQUIP SHLLr COOLING C ( oo LOPC GAA 011333810

too E8 AAAAAAAAAE too [SAE 0AC 0113331109VECTOR ANALYZER COu.IN6 C eon (SK GAA 014333210

04 (e AAAAAAAAAt In ESAC SAC 014333810EQUIP COOLINAG WLF COOLING [aS OPC *AA 01133UO
(s ( AAAAAAAAAE0 Co SEOA C 0~ l13310ORADN PG PRESS AND COL ING E ET COPb GA 012333210c EST E9PA 04¢ 01133UI0I:I EST O a AAAAAAAAA30*LiG COOLNT FL* CONT. # OISTt EOPA Eepe t AAAAAAAAA

31 RADAR COOLANT PUMP EI?I1 ESPAA A"32 AUXILIARY RESE.RVOIR E41713 COPAN A33 OV60 rXPAN RELIEF VALVE EI?I$ ISPAC A34 tB.ELU VALVE E41260* E&PAD A
3S PREbSUL GAGE E418*I [OPA1
36 ACCUMULATOR E4120 (8PAF A3? LIQUVO COOLANT DIST DUCTS E(412e ESPAS A30 PRE S RELIEF VALVL (4.12.$ (SPAH A39 SOLENOIu VALVE (12$ CSPAJ A4.0 FILTt.R (4I.1$ EOPAK A41 RCSLRVIOR t4.120. PAL A%Z TEMPERATURE GAE 1ss2. (SPAN I44* PRESSURE REGULATOR E41121 COPAN A
45 NO I vISC RELAY PANEL 41121 (8PAP A
%6 RADAR COOLANT PUM ¢)iECK SvIE41?1* EPAO A

4 C HEAT EXCHANGER RELAY E41171 WAR A
%a TEMPERATURE[ CONTROL A$SY E%1135 ESPCO A

OLIQ COOLANTtAIR HEAT IJXCH E EBPS EAPO EBPA AAAAAAAAAr tape ERPC
52 COOLANT/AIR HEAT EXCHANG(R E41712 (SPSA A53 AUX COOLAtNT/AIR HEAT CXCH4RC4171s WPBs A54 TEMPERATURE CONTROL ASSY (1135 ElPCO A55 SLEEU VALVE E41710 EBPCE AI6 TEMPLRAT(.E GE E4171$ CSPCF K57 14tEAT t XCHANAEtt RELAY E4 1710 Eepce A58 SOLENOID E41,"114 EBPCH AEQGUIP EME(RGENCY COOLING E EOAE [BAlF EHP K EOPC FAAAAAAAAA

L" E8AE to K CSPC FAAAAAAAAAE EBAC ESR K E(PC FAAAAAAAAA
E (SAE (S K (SPC FAAAAAAAAA
C (SAC EST K EAPC FAkAAAAAIA

SBAE CS K SPC SAAAAAAAAA61 RAN AIR SHUTOF VALVE E4114.b ESACA A,e, 62 DU 1 Nb 041140e EBAER A
nOsEUIPMLNT AUXILIARY AIR F LC ECP E 22222222

00 F EC ECO

, 0 F EC LC0

00 F (C ECLO0 F EC ECN

F EC ECK02 CHEMICAL OEIER F.115A ECAA A03 CHI-LK VAtVt. F4115. ECAD A04 ABSOLUTL PRMS; RrLIEF VALVEF4IIb3 ECAC A05 ABSOLUiTL PRESb REGULATOR F%1152 (CAD A
06 TwmO-*AY RFSTRICTOR F4I1159 (CAL A
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0? FILTER Fois* ECAf A
sAO ORCVR-TRANSNITTER AIR F Ce ice c AAAAAAAAA
ORAODI MCVR-eANSNITTER AIR F ECH ECO L. AAAAAAAAA
$AIR DATA COMPuTER AIR F EcJ e EC AAAAAAAAA

F CCJ CF AAAAkAAAA
16 FILTER Fll.o ECJA A
17 WATER TRAP FIlls* CI A
16 TEST FITTING F4*115 ECJC A

*ANTI-G SYSTEM AIR F ECK [C CC F AAAAAAAAA
F ECK EFA FAAAAAAAAA
F CK EFI FAAAAAAAAA

ECK CF SAAAAAAAAA
$RAOAR COMPART04ENT ASR F ECL (C EC AAAAAAAAA

21 DOEVURATOR OESICCANT F41150 ECLO A
*AFT CKPT AX-EL RAN IND AIR F ECN ECO EC AAAAAAAAA

25 CHENCIAL DRIER F4ISA CCAA A
29 CHECK VALVE F4i115 CCAS A
30 ABSOL4UTE PRESS RELIEF VALV1115S3 ECAD A
31 ABSOLUTE PRESSURE REUiLATORF41151 ECA A
32 TWO-WAY RESTRICTOR F115. ECAF A
*3 FILTER F41154 ECaJ A

CANOPY SEAL INFLATION F ECP ECO EC AAAAAAAAA
F ECP (CA FAAAAAAAAA
F ECP ERR FAAAAAAAAA

ECP ES SAAAAAAAAA
36 FILTER F*15e ECPA A
37 CHECK VALVE F4115o ECPS A

AUX AIR OISTRIBUTION F ECO LBAD ECP FAAAAAAAAA
F E40 ECe FAAAAAAAAA
F ECO ECH FAAAAAAAAA
F ECe EC FAAAAAAAAA
F EC0 ECK IvAAAAAAAAA
F ECO ECL FAAAAAAAAA
F ECO ECN FAAAAAAAAA

ECt (C SAAAAAAAAA
F ECO DOD AAAAAAAAA
F Ece BN AAAAAAAAA
F ECO BSJ AAAAAAAAA
F ECo KOE AAAAAAAAA

39 OUCTING F4115. ECOA A
40 FITTINGS F41154 ECOa A$OXYGEN SYSTEM 6 EO EDA E OOAAAAAOO
02 6 ED EO
OV40NRMAL SYSTEM 6 EDA EOAA ED SA*)y 003555300
05 6 EDA COAS
ObeFwO COCKPIT ;!,TRIbUTION 6 EOAA COC EOA 003555300
07 6 EOAA L
08 LOX QUANTITY INDICATOR 651651 COAAA A
09 PRESS SUIT LOX VALVE 647212 EDAAB A
10 LOw WARNING LIGHT 647213 CDAAC A
11 DILUTER DEMANO REGULATOR 6*7214 EOAAO A
12 LOX FLEX1JLE HOSE 6*7215 EOAAE A
13 LOWER DISCONNECT OLOCK 047216 EDAAF A
14 LOWLH DISCONNCCT 6*7217 EDAA6 A
15 LOX VALVE G*7?1A EOAAH A
16 COMPOSITE DISCONNECT G721C EDAAJ A
17 LOX REPEATER AMPLIFIER G*721E EOAAK A
16 PRIMARY AMPLIFIER 64721F EDAAL A
19 LOX AGE 651852 EDAAM I
2C LOX PRESSURE GAGE 651653 EDAAN A
21 PREUSURE REDUCER 64721L EOAAP A
22 LOX REGULATOR 64721N EDAsk2 A
23 REGULATOR PANEL 647210 EOAAR A
24 INTLRMEUIATE BLOCK G6721R EDAAS A
25 UPPEk BLOCK 6*721S ZOAAT A
26 MASTER QUANTITY AMPLIFIER 65185* COAAU A
2? SUPPLY PRESS INDICATOR 651655 CDAAV A
264AFT COCKPIT DISTRIBUTION 6 EDAB EDC EDA 003555300

G EDAB L
29 LOX QUANTITY INOICATOR 651851 COABA A
36 LOX VALVE 64721A EDABH A
37 COMPOSITE DISCONNECT 64721C EOABJ A
38 LOX REPEATER AMPLIFIER 64721E EOABK A
39 PRIMARY AMPLIrIER 64721F COABL A
40 LOX GAGE 851852 EOABM I

LOX PRESSUL G GE 051853 EDABN A
42 PRESSURE REDUCER G721L EDABP A
*3 LOX REGULATOR 64721N EDARG A
44 REGULATOR PANEL 6*7210 EDABR A
45 INTERMEDIATE BLOCK G4721R EDABS A
46 UPPER BLOCK 04721S EDABT A
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47 MASTER QUANTITY AMPLIFIER G518b4 EDAEU A
48 SUPPLY PRESSURE INUICATOR 051855 EDABV A

*OXYb(EN SUPPLY (LOX) G EOC L EDAA FAAAAAAAAA
• 6 EDC EDAB FAAAAAAAAA

EOC EDA SAAAAAAAAA
51 LOX CONVERTER 647111 EDCA A
52 LOX CONTAINER 647112 EOCS A
53 FILL-H/U VENT VALVL 647113 EDCC A
54 RELIEF VALVE 047114 EDCD A
55 Ct4CK VALVE 64711K EDCE A
56 PRESS OPEN/CLOSE VALVE 647116 EDCF A
57 CAPACITANCE PROUE 647117 EOCG A
SS WARM-UP PLATE 64711B EDCH A
59 LOX FILLER VALVE G4711F EDCJ A
60 PREAMPLIFIER G4711H EDCK A
61 MOUNT 64711J EDC. A
*EMERGFNCY SYSTEM EDOB EDBA ED K EDA OOAAAAAO0

63 6 EDOB EOBB
64*FOwARD COCKPIT 0 EDBA L EDOB OOAAAAAOO
65 EME1G OXYGEN CYLINDER 647221 EDHAA A
66 PRESSUkE GAGE 647222 EOBAB A
67 EMERGENCY OXYGEN REGULATOR 647223 EDBAC A

EMERGENCY CONTROLLER 047224 EDBAD A
69 ANTI-SUFFOCATION VALVE G47225 EDBAE A
70 CONTROL VALVE G47226 EDBAF A
71 RESET LEVER 647227 EDBAG A
72*AFT COCKPIT 6 EDBO L ED OOAAAAAOO
73 EMERGENCY OXYGEN CYLINDER 647221 EDOA A
74 PRESSURE GAGE 647222 EDBA

75 EMERGENCY OXYGEN REGULATOR 647223 EDBOC A
30 PRLSS SUIT LiX VALVE 647212 EDABU A
31 LOW WARNINC LIGHT 647213 EDABC A

32 DILUTER DEMAND REGULATOR 647214 EDABD A
33 LOX FLEXIBLE HOSE 647215 EOABE A
34 LOWER DISCONNECT ULOCK 647216 EDABF A
35 LOWER DISCONNECT 647217 EDABG A
76 EMERGENCY CONTROLLER G47224 EDBQD A
77 ANTI-SUFFOCATION VALVE G47225 EDBBE A
78 CONTROL VALVE G4722R EOBBF A
79 RESET LEVER 647227 EDBBG A

'INTERr4AL LIGHTING H EE EEA E 0 022222220
02 H EE EEO

" 03*FWU COCKPIT LIGHTING H EEA EEAA EE AAAAAAAAA
f)4 H EEA EEAB

* INTEGRAL + INST LIv2HTS H EEAA EEC EEA 555555555
Ob VERTICAL CAUTION PANEL H44111 EEAAA A
07 COCKPIT CONTROL PANEL H44112 EEAAB A
A8 MASTER CAUTION LIG'PT H44117 EEAAC A
09 CAUTION TEST CONTROL UNIT H4411A EEAAD A
10 WHEELS OARNING H44110 EEAAE A
11 CAUTION LITE RELAY PANEL H4411C EEAAF A
12 INDEXER LITE CONTROL PANEL H4411D EEAAG A
13 STANDRY COMPASS LIGHT H4411F EEAAH A
14 INSTRtJ PANEL EDGE LIGHT H44116 EEAAJ A

15 RELAY PANEL TEST LIGHTS H4411H EEAAK A
16 MISSILE STATUS PANEL H4411J EEAAL A
17 PILOT EJECTION LIGHT/SWITCHH4411L EEAAM A
18 WARNING LIGHT RELAY PANEL H4411P EEAAN A
19 MASTER CAUTION RESET bWITCHH4411E EEiAP A
*FLOOU LIGHTS H EEAB EEC EEA 555555555

21 EMLHGENCY FLOOD PANEL H44113 EEABA A
22 RED CONTROL FLOOD LIGHT H44114 EEABB A
23 RED INST FLOODLIGHT H44115 EEABC A
24 UTILITY SPOT LIGHT H44116 EEABD A
25 READ-FLOOD LIGHT ASSY H44118 EEABE A
26 COCKPIT FLOODLIGHTS H4411M EEABF A
27 COCKPIT EMENG FLOODLIGHTS H4411N EEAB,

28*AFT COCKPIT LIGHTING H EEB EEBA EE AAAAAAAAA
29 H EEB EEBB

*INTLGPAL + INST LIGHTS H EEBA EEO EEO 555555555
31 COCKPIT INST LIGHT PANEL H44121 EEBAA A
32 RADAR SCREEN WARN LIGHT H44126 EEBAB A
33 EJECT WARNING LIGHT H44127 EEBAC A
34 WARNING LIGHT ASSY H44126 EEBAD A
35 TELELIGHT AFT PANEL H4412A EEBAE A
36 VERT CAUTION PANEL H44111 EEBAF A

37 INST PANEL EDUE LIGHT H4411G EEBAG A
'FLOOD LIGHTS H EEBB EED EEO 111111111

39 RED LONTROL FLOODLIGHT H4411-4 EEBBA A
40 REU INST FLOOJLIGHT H44115 EEB80 A
41 UTILITY SPOT LIGHT H44116 EEBBC A

[
A-69r __



sQ wgAl-LOO LIOHT "1114 1 50 A
%3 EI9ERNCT FLOOLIONT Ml|N (( A
%(&$LIGHTING SELECTION H 'C E CC (AA FAAAAAAAAA
45 tc L uAN FAAAAAAAAA

Ec ECA SAAAAAAAAA
46 COCK'PIT LIOTS CONTROL PNL H445111 (CA A
*1 LIGHTING S[LECTION rao [lI E[S FAAAAAAAAA

H4 tCO L ui FAAAAAAAAA I
1t0 us SAAAAAAAAA

55 COCK~PIT LIGHTSI CONTROL PWdLN**111 U08S A
9.oLLECTRICAL P114 DIST 4 CONTLH tleE xAS Etc FAAAAAAAAA

H [1( KAC CEO FAAAAAAAAA
51 H lEE KAD CE SAAAAAAAAA
s5 o tEE KISA
53 '4 EU KAE
S% 14 E KAO
IS H EE[ KAN
5 4 EEC L

NO I CRUP PANLL M48150 MClA A
56 INTLORAL LITES AUTOTRANSFOMH%411* E11N A
59 WIRING H4*11* IEEE A

*ANTI-0 SYSTEM I IF (FA C 001111100
01 I EF L

I [F EFb
$FWO ANTI-0 SYEM I EFA ECK CF 005b55500

I EFA L
FWD ANTI-S SUIT 196111 (FAA A
FWD ANTI-G VALVE 111411 EFAB A
FwU COMPOSITE DISCONNECT 11411U CAPS A
PWU $-SUIT RELIEF VALVE 141410 [FAD A
FWU O-SUIT EXHAUST PONT 11141* FAE A
FWD MANUAL INFLATION NOTTONI*1141* CFAF A
*AFT ANTI- SYSTEM I EF ECK F 005555500

I EFS L
AFT ANTI-0 SUIT 196111 EFBA A
AFT ANTI-$ VALVE 141411 EFII A.AFT COMPOSITE DISCONNECT 141110 CACa A

AFT S-SUIT MELIEF VALVE 1*11410 IFO A
ANT S-SUIT EXHAUST PORT 141141* EF[ A
AFT MANUL INFLATION uUTTON 11141* EFSP A
CANOPY StAL 0 EO LOA E 00112100

fe0 EG Ege

03*FOWAHO CANOPY SEAL 0 EGA ECP ES OOAAAAAOO
0 EGA L
0 EGA JAHAD

Cs FILTER 04111$ EAA A 1
07 CHECK VALVE 0181* ESAS A
OA PLSSURi9L REGU.ATOR 0*111* (SAC A
09 CANOPY SEAL PLLLOWS 0411110 COAD A
10 FOwANO CANOPY SEAL 04111* tA A
11*AFT CANOPY SEAL 0 EGG ECP Eo OOAAAAAOO
to 0 EGG JAHAA
13 0 EGO L
14 FILliP 01211 [GSA A
15 CHECK VALVE 01411* Cons A
16 PR$SbURE REOULATOR 0*141* E65C A
17 CANOPY SEAL "ELLCNS 0111* EOU A
I AFT CANOPY SEAL 04181$ CORE A
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FTERNAL ENVIRONUE!T

DI, ('1) AL WNSI 'TY
TIJ Wil ALPIIA INPUT FiUNC VC FN W 12345679

LNT NtdAL (NVIRONMENT F FA AAAAAAAAA
OTPASS, KLLMOUTH PIIS- HT J FAA FAF F A OOMS41#O

J FAA KAN

Jt9A1IN FAAA A
*AIRSPE(D PITOT A(AT .5 FAB FAF F A 076333370

d FAG KA4
.J51132 FABA A

oFEEL TRIN PPLbS PROBE "T . FAC FAF F A 038111230
J .1.4 KAN

J14337 FACA A
FELL TRIM VENTURI HEAT J FAO FAF F A 038111230

J FAD KAN
J14338 FAOA A

OAUA PNOE HEAT J FAE FAF F A 065111560
J5 FAE Kea
JS6.6S FACA A

CONTROL-SENSONS ANTI-ICE J FAF FAG FAA FAAAAAAAAA
.J FAF FAB FAAAAAAAAA
J FAF FAC FAAAAAAAAA
J FAF FAD FAAAAAAAAA
J FAF FAE FAAAAA&AAA

FAF F A 57777777
13 15 AMP C/S-A/S AN) FLcI. SYSJ4.111 FAFA A
14 5AMP ClO-9ELLMOUTH J421620 FAFO A
IS SAW' C/d-AOA PROBE HEATER J42S20 FAFC A
16 RELAY-KLLNOUTH PIOT 4TR .542111' FAFO A

RML.6 SCISSORS SWITCH J13145 ROAAAG A
NOSE GEAR OWN LIMIT SWITCH J13143 OAABAA A

19 AOA ICATFR RELAY J4211l* FAFG A

OOL SELECT J FAG KAN FAF AAIAAAAAA
21 J FAG L
12 SwITCH-AIRSPEO AND FEEL SYSJS1138 FAGA A*1 23seNGINf ANTI-ICE . FAN FAJ F A 022111210
2#4 J FAN KAN

CONTHOL-ENGINE ANTl-ICL J FAJ FAL FAN AAAAAAAAA
. FAJ FAK AAAAAAAAA

27 bAMP C/B-ANTI-ICE J42151' FAJA A
28 ANTI-ICE VALVt J23AB70OFAJO A
? ANTI-ICE VALVL J23AUIOOLFAJC A

J FAK FAJ H 5555555b5
31 . FAK KAE
32 SAMP FUSE J23AB1*s FAKA A
33 DIFF PRESS SWITCH JP3AB2 rAKB A
34 CAUTION LITE CONTROL ASSY J23A814eRFAKC A
35 CAUTION LITE CONTROL ASSY J23ABI*LFAKO A
36 CAUTION LITE 23ABI*RFAKE A
3? CAUTION LITE J23ABI*LFAKF A

MODt SELECT . FAL L FAJ AAAAAAAAA
39 ANTI-ICE SWITCH J23ABlss FALA A

$TAXI LIGHTING K FBA FOB F D 100000001
TAXI LIGHT K44225 FOAA A
OlIF PROBE LIGHTING K FOB FO6 F 0 000505000
IFH PROUB LIGHT K44228 FBOA A
*APPHOACH LIGHTING K raC FOG F 0 000000010
APPROACH LIGHTS K44227 FOCA A
#FUSELAGE LIGHTING K FBD FOG F 0 111111111
FUSELAGE LIGHTS K44220 FBDA A
UPPER LIGHT K44221 FO A
LOWER LIGHT K44222 LFBO A
LOWER LIGHT K44222 RFBOC A
'POSITION JOIN-UP LIGHTS K FOE FRG F 0 112222211
WING-TIP JOIN UP LIGHTS K44231 LFI1A A
WING-TIP POSITION LIGHTS K44232 LFBES A
WIN6-TIP JOIN-UP LIGHTS K44231 RFBEC A
WINU-TIP JOIN-UP LIGHTS K44232 R9EO A
TAIL LIGHT K44223 FREE A

,ANTI-COLLISION LIGHTING K FOF FOG F 0 011111110
ANTI-COLLISION LIGHTS K4224 F FA A
POWER DISTRIBUTION K Fbl FAH FBA FAAAAAAAAA

K FOG FBB FAAAAAAAAA
K FRG F8C FAkAAAAAAA
K FOG FBO FAAAAAAAAA
K FOG FBE FAAAAAAAAA
K FBO FoF FAAAAAAAAA

FOG F 5111111111
APPROACH LIGHT RELAY K42112' FBGA A
WIN4 TIP LIGHI RELAY K42112s F06 A
ANTI-COLLISION LIGHT RELAY K42112$ FOGC A
FLASIHR RELAY-ANTI COLLISN K4.2112* FOOD A
FLASHER RELAY-JOIN UP LIGHTK42112* FOGE A
LXTERIOH LIGHTS FLASLER K44213 FOOF A
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APPROACH LISHT DIN RELAY Kella FSK A
PILOT SELECT ION/CONTItL K FUN L FRO AAA

86 K PON KAA
26 K FUN KA
16 R PI RA

26 K "MN K
IT TAXI LITE SWITCH K40QT FUM A
8i 15 AMP TAXI LITE CKT MR KWM* FUNS A

IFnr PaOSE LITE SWITCH K*M $ FUNC A
30 1fP PROBE LITE OIM/EiT CTRLKWQ8. FOND A
35 S AMP IFR PROB CKT UIKR KIIWe irK A •

8 VIn LUTS SWITCH KU3* FHF A
33 TAIL LITE SWITCH KOI*8 PUN A
34 WIN6 LITE DIN CKT BRKR KWEIIU* F"tS A
3S VIMS LIT! INT CKT MR K4I511 FUND A

S EXTERIOR LITES MASTER SO K0U01 FBHK f
3? STEAUT/FLASH Sw-XT LITES KW4I1S FSHL A
30 FUSELO LUTES ON/OFF SWITCH K0088 PM A
39 FUSELS LITES-OIM/RT SO K44IUS FIN A
O FUSELS LUTES FLASH SWITCH K088 PUMP A

41 5 AMP MASTER SO CKT BURK KOR8158 FUMG A

42 ANTI-COLL LITES CKT IW K0885 P3M" 5
MOSL AR OWN LIMIT SO K131I3 OAASAA A
N MAIN BEAR OWN LIMIT SW K1319 ROAAAAC A
L MAIN BEAR OWN LIMIT SO K131OE LOAAAAC A
LMAIN SEAR SCISSORS SO KI3S LOABAOI A
HOOK DUiN LIMIT STITCH K13S.U AACEC A

48 HOOK RYPASS SWITCH K1351 FBJ r  A

FLAP LIMIT SWITCH KISUF COUCH A
FLAP FLASHER RELAY Kll185 F" A

S AMP CKT 9RKR LITE RO8S O JK A
5 AMP CKT 91KR-A LITE RELAYK4&IU* FIJI. A
FLAP-UP -.ASHER K1I45S* FJM A
S AMP CKT SRKR-FLAP FLASHERK4215S0 FBJN A
RAIN REMOVALdCANOPY DFO L FCA FCI F DO 1111111s

L FCA CAO FCF AAAAAAAAA

03 RAIN REMOVAL NOZZLE L41313 FCAA A

DISTRIBUTION L FCI FCC FCA AAAAAAAAA

OS DRAIN VALVE L31*I FCBA A
06 PRIMARY HEAT EXCHAIER L41O EAAOC A
07 DUCT L4131* FCBC A

CONTROL L FCC FCO FCI AAAAAAAAA

09 L FCC KBE
10 RAIN REMOVAL VALVE L4131I FCCA
11 BYPASS VALVE L41316 FCCB

REGULATION L FCO FCE FCC AAAAAAAAA

13 L FCO BAM
L FCo KO

1* PRESS RESULAT/SHUT-OFF VLVL1312 FCOA A
MOOE SELECT L FCE L FCO AAAAAAAAA

16 RAIN REMOVAL SWITCH L1I31A FCEA A

17 SAMP CIRCUIT BREAKER L42152* FCEB A

OVERHEAT SENSING L FCF FCA FCS S AAAAAAAAA
L FCF KAC

20 SAMP CIRCUIT BREAKER L11590 PCFA A
TEMP SENSING AMPLIFIER L4I1310 FCF A

22 TEMP SENSOR L.1311 FCFC A

OVERHEAT WARNING L FCI FCF H 011111110

24 L '!C6 KAE
as SAMP CIRCUIT 6REAKER L42152* FCGA A

26 TE.ST RELAY L211IS FCOB A

57 PANEL CAUTION LITE L41315 FCSC A
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MI.SION SU!IPORtT

1)11' (1) AL WINSITIVITY
TIT11" wU~c ALPIIA INPUT VUN( FC FN W 12.1456789

*MISSION SUPPORT N 0 GA 002555550
00 Go6
00 S C4 00 N 0G

CON/IfltNTIF/NAV.IGA1ION : A GAA 6 E AAAAAAAAA
02 N A GAB
03 N A SAC

04.CCOMUN1(ATION NAA GAAA OA 025555510
(15 N GA GAAS
06 N GAA oiAAC

N GAA ENG
N AA CUR

N4 :AA ES
N AA EBTI:09 RAU RC V-TANS RT-7931ASQ N463190*oGAA

16 UHF COM4M ANTENNAS N1N GAAAj A
?0 FwU COCKPIT HEADVET 0464.11 GAAAN A
21 AFT COCKPIT HEADSET N64816 GAAAP A

S?*AlIR TO AIR INFORMATION EXCHN GAAA GAAO GAA 011111100
11 ANMP REL ASSY AN-3b6'.#ARA-50N631S**es GAAAO) A
12 AU ANTENNA AS-909/ANA-46 Ne31*ecs GAAAC A
13 UHF COmm FILTERt 467120 GAAAF A

p AATTITUDE REF IION COMPUTER M73110 GAAAL A1;19 RON NCVN-TRNSf4 OR-18A/ALQ91NOSCCC*0 GAAAN A
22 FW.J INTCERCONN ANPLIF'IER MOSIN GAAAG
23 AFT INTERCOMN AMPLIFIER N648IN GAAAR A
24. TAAL. COMMAND RELAY PANEL N6?124 GAAAS A

$AIR-TO-GROUNO 1NFRMTN LXCN N GAAS GAAO GAA 0233AAAAC
20 INTENCONN STATION LS-'.59 146712E GAAbA A
29 UHF1ICS SWITCH N64.S10 GAABS A
SO ICS FOOT SWITCH 0O4641* GAABC A
31 NEADSET-NICROPtON ADAlPTCRSN6'.61* GAASO A
32 EXTERNAL RECPTACLC NO'.Sle GAAS A
33 INTENCONN STATION LS-400O N6712F GAABF A
34 V' HF COMN COAX RELAY 146318ICO GAA86 A
35 AMP MEL ASSY AN-3624/ARA-SONE31*0'e GAAADA
36 TAKE COMMAND RELAY PANEL N6712N GAAIIJ A
39 Fwo HEADSET M6'.816 GAAAN b
4.0 AFT HEADSET NO64816 GAAAP b
4.1 RAD RCV-TRNS RY-793/A(o N6319** GAAAB A
4.2 RADIO RCV R-12t16/AI4R-69 M6334.100 GAAAC A
435 UHF CONN ANTENNAS N6312N GAAAJ A

SAINCREW INFO EXCHANGE N GAAC GAAD GAA 000000000
4.6 AUDIO AMPLIFIER NO61. GAASA A
'.7 CONTROL UNIT NOV81. GAABC A
4AF~ HEASET MIROHOE OPE~t6 b1 GAAAN
51 FW HEAD SET NCOHN ADERM'.01b GAAAN A
52 AFT 11EADSET M64816 6AAAP A

*NODL SELECT N GAAO L GAAA FAAAAAAAAA
m N AAD KRA GAAS FAAAAAAAAA
N GAAD KBlO GAAC FAAAAAAAAA

GAAD GAA SAAAAAAAAA
56 INTERCOMM STATION LS-4.59 M6712E GAABA A
57 UHF-ICS SWITCH MO'.610 GAAbS A
58 ICS FOOTSWITCI NOV01' GAASC A
59 COMM ANTENNA SELECTOR SWTCHfNO31*4s' GAAAG A(160 RADIO SET CONTROL M63341'.* GAAAA A
61 CNI-14AV COWP SWITCH M6712*00 GAADCA
62 DATA LINK CONTROL PANEL N6*0** GAADO A
63 INTLHC0ONN STATION LS-400 M6112F GAADF A
64. IDENTIFICATION N GAS GABA GA 000000000
65 N GAB GARBS

L6b@NONMAL NODE NSA GASAA GAS 000000000
67*SIGNAL RECEPTION 4 OECOOINGN GABAA SABAH SABA 000000000
68 COULMNHCVR-TRANSMITTER MObliD GASAAA A
69 1FF ANTENNA M652*0 GASAA8 A
700SI.,NAL TRANSMISSION * CODNGM GASAR GASC GASAA 000000000
71 T CODER-NCVR-TRANSMITTER N65210 GASASA A
72 1FF ANTENNA M6520s GABASSA

MOUL. SELECT N QABC L GABOR FAAAAAAAAA
74. N GASC KAC GAOAB FAAAAAAAAA
79i m GABC KSA GAS SAAAAAAAAA

lb 7 TRNSPONDER CONTROL SET M65290 GABCA A
77$EMERGFNCY MODt. N GASO GASSA GAS 000000000

SIGNAL RCPTIOAi + OECOOINGM GABA GAMO GASS AAAAAAAAA
79 .3ULH-RECVR-TRANSMITTER M65210 GABAAA A
80 IFF ANTENNA M65200 GARAAB AI.l" EMEHDFNCY IFF RELAY M652"* GABBAR A
A2 LM1Jk6rNCY SWITCH4ES N6525' GABBACA
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N II.- Oi *1- A

IL 460 m ipi RELAY NewA. GAMS A
0? mUomSY SWITCHES Not" SABAC A

oAvISATION N SAC OACh OA oet0o e
0 oAC We ) AAAAAAAAA,, on m .
N sAC

* SAC n
o*NFORNATION DISPLAY N GACA N SAC AAAAAAAAA

GO a SACS SACAA
91 N SACA NA

O STAO OiftH * STAB CONTROL N SAC" c A AAAAAAAAA
N SACAA ACAC SBA 9601404
M N SAC"A L

*OATA COLLECT/PROCSSXC4SM SACAC $ACAC OACAA FAAAAAAAAA
N 4ACA SAW on FAAAAAAAAA
I fmA a F040410004

a GASAC NA P5565555.W

SACAC ACA SAAAAAAAAA
" DATA LINK SYSTEM NIb0 SACACA A
9" AIR DATA CONPUTR SIT -NW SACAC@ A
A& TACAN NAVIGATIONAL SET MnO SACACC A
At ATITU09 RFF SON COMPTI IMYSMIG SACAC A
A3 NAVIGATIONAL COMPUTER SET N7349 GACACR A
A% FLIGHT CONTROL GROUP NS0 SACACP A
AS FLINT DIRECTO GROUP N7Ii0 GACAC A
A& MISSILE CONTROL SYSTEM NIS00 GACACH A
AT ELECTRONIC ALTIMETER SET N31" 0ACACA A
A CLINT SYSTEM N00" SACACK A
A9 INTERROGATOR SET M180 SACACI A
01 VERTICAL FLIGHT REF SLT MN GO SACACR A
i CONNUNICATION SYSTEM Me*** O A
53 VARIASLE INLET OUCTRAMP SYSMIS314 o A
84 SYPASS 9LLNOUTH SYSTEM 9ASl8 IF A

.OOARIN /DIS EA,'INO cON - . N OACAS SACAC *ACA AAAAAAAAA
li SACAB A OO0OO050O

*WEAPON HOLDING * ELS M CHIM GAA SACAC WA 0610640.
MISSILE LAUNCHERS MTSISO UAAA A
WWON ADAPTERS M7 O16 OAA A
ONG RACKS # HOISTS NTSO0 seAAC A

ARNANET POS TNSm5 sOuAn A
MISSILE PYLONS NMITO seAA A
NK N SON POD SYSTfM NTOO WAAF A

sNo0 SELECTION M OACAD L SACAC AAAAAAAAA
C6 N GACAD HG
C? N OAA0 SACAt

TACAN ANTENNA SELECT SWITCHNTI*0 OACAOA A
MIS SELECTOR CONTROL M70000 GACADN A
CNI-MAV COMP SWITCH NPTIASoo SAAOCC A
RADIO SET CONTROL NOU1INo $AAA A
TACAN NAV SET CONTROL N7N40 SACACC A
5014 MIOC SWITCH N67lAS0 GACAIP A
COMPUTER CONTROL NYS*** "ACAM A
NAV SET CONTROL 0TSSSS SACA0H A
COMPASS SYSTEM CONTROLLER NTS0 SACADJ A
ATTITUDE INOICATOR MSIIIC OACAOK A
AUTOMATIC FL? CNT SYS PANLM7?Z*00 GACAOL A
AUX ARMAMENT CNL PANEL NN * SACAOM A
MULTIPLE WEAPONS CNTL PANELMYSSo' fACAON A
SONG CONTROL PANEL NTISS OACADP A
MISSILE CONTROL PANEL NTSSoS ACAM A
COMPASS SYSTEM CONTROL PANLKTSSoS GACAOR A
COM-NAV GROUP CONTROL PANCLMTSSSS OACAOS A
NAY COMPUTER PANEL N730 OACAOT A
CONTROL STICK ASSY MN110 CCem A
ELIECT POWER AEG AND DIST N *ACAE KAA GACAD FAAAAAAAAA

" N SACAC KAB 8ACAC AAAAAAAAA
FA N 6ACAE KAC
F3 N SACAC KAD
F4 N GACAt KSA
FS N SACAC KIM

e Fd PA N 8ACAE KOC

F? N SACAC KIG F& N GACAC K*C

F9 N GACAE KAE
0I N SACAC KAM

SMU LTIPLE WEAPONS RELAY PANLNTN9SN 4ACAti A
e3 NO I NISC RELAY PANEL N1211 SACAMS A
FN LEFT UTILITY PANEL M749e SACAIC A
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OS RIIhT UTILITY * Cim Oak PNLN?Oo OACAFO A
66 NO I CIRCUIT dOCAKER PAMEL 001151, OACAC.. A
6? NO a CIRCUIT IW4EAKE PAWEL MOM5 OACAEP A

UX NO 1 MISSILE FIR RI. PNN9Sf6 OACAEOA
6*VEWAPUNS DELI VERY N UA 0 SOSO

WOFWTATIOW DISPL.AY N OBA Go U000000000
"t "A OA CAA
H 3 N WA GACAG

N4 "A WAA
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INFORMATION DUPIAY

DFP CD AL. SENmtTWFFY
TITLF WU( ALPHA INPUT FUNt FC FN W 123456769

INFORMATION DISPLAY N NA L AAAAAAAAA

f HOAA
N HOAC
N HOAF

ENGINE INSTRU4MENTATION HA HAAA H AAAAAAAAA
HA NAGA
HA MACA
HA HAOA

ENGINE MW INDICATION k RHAAA RHAAS HA 0A222210
ENGINE RPM INUICATION R LHAAA LKAAS HA OA2122210

02 TACHOMETER INDICATOR R5LI1 RHAAAA A
TACHOMETER INDICATOR RS11 LHAAAA A
RPM SIGNAL GENERATION R RfAAB RMAK RHAAA AAAAAAAAA

04 TACHOMETER GENERATOR AS1412 RHAAGA A
RPM SIGNAL GENRATION A LAAB LSAK LHAAA AAAAAAAAA
TACHOMETER GENERATUP ;I51l8 LHAABA A
EXHAUST GAS TEMP INDICATIONR RHADA RHASB HA OASSISSO0
EXHAUST GAS TEMP INOICATIONR LHASA LhAft HA OASSSSS0

06 R RHASA KAC
R LHASA KAC

07 TEMP INDICATOR R51423 RHASAA A
TEMP INDICATOR R51123 LHASAA A
TEWP SENSING R RHABS HABA AAAAAAAAA

R RHASS RBASC OAS555500
09 THERMOCOUPLE R51414 RHABSA A

TEMP SENSING R LHABB LHABA AAAAAAAAA
R LASS LEAUC OASSSSSOO

THERMOCOUPLE R51124 LHABBA A
FIRE/OVERHEAT INDICATION R LHACA HAC8 HA AAAAAAAAA

It L FIRE WARNING LIGHT R49112 LHACAA A
12 L OVERHEAT WARNING LIGHT R49122 LHACAB A

FIRE/OVERHEAT INDICATION R RHACA HACB HA AAAAAAAAA
11 2 FIRE WARNING LIGHT R49112 RHACAA A
12 R OVERHEAT WARNING LIGHT R49122 RHACAB A

DETLCTOR CONTROL R HACS HACD HACA AAAAAAAAA
R HACd KAC MACC AAAAAAAAA
R MACB MACC

CONTROL UNIT LH FIRE R49111 LHACBA A
CONTROL UNIT RH FIRE R49111 RHACBA A

17 CONTROL UNIT LH OVERHEAT R49121 LHACBO A
16 CONTROL UNIT RH OVERHEAT R49121 RHACB8 A

FIRE/OVERHEAT SENSING R HACC HACB HAC8 AAAAAAAAA
L FIRE DETECTOR HARNESS R49116 LHACCA A
R FIRE DETECTOR HARNESS R49118 RHACCA A

22 L OVERHEAT OEECTON HARNESSR49123 LHACCB A
23 k OVLRHLAT DETECTOR NARNESSR49I23 RHACCR A

FIRE/OVERHEAT TESTING R HACO L HACB A44444444
25 R HACD KBA
26 TEST SWITCH R49113 !IACUA A

FULL QUANTITY INDICATION R HADA HADS HA A002569AO
28 FUEL QUANTITY INDICATOR R51844 HAOAA A

DENSITY COMPENSATION R HADO HADC HADA AAAAAAAAA
30 R HADD HADO
31 REFERENCE CONOLNSOR R51S** HAQDA

QUANTITY SIMULATION R HADC HADD HADO AAAAAAAAA
4 HADC HADE HADO FAAAAAAAAA

34 R HADC HADF
35 FUEL QUANTITY SIMULATOR R5143 HADCA A

FUSELAGE TANKS GUANT SENSE A HADO KAC HADC AAAAAAAAA
37 TANK NO 7 FUEL PROBE R51642 HADDA 1
36 TANK NO 6 FUEL PROBE RSI8Q9 HADOB 1
39 TANK NO 6 FUEL PROBE R51842 HAODC 1
40 TANK NO 4 FUEL PROBE R516%2 HADOD I
41 TANK NO 3 FUEL PRObE R51842 HADOE I
42 TANK NO & FUEL PROBE R51842 HADOF I
43 TANK NO I UPPER FUEL PROBE R51842 HADO6 2
44 TANK NO 1 REF CONOENSOR Ru164* HADBA 2

WING TANKS SENSING R MADE KAC HADC AAAAAAAAA
46 R 0/H FUEL PROBE R51842 HADEA 2
47 R INT FUEL PROBE RS1642 HADEB a
48 R /Lb FUEL PROBE R51842 HADEC 2
49 L O/U FUEL PROBE R51842 HADED
50 L INT FUEL PROBE R51842 HADEE 2
51 L I/b FUEL PROBE R51641 HAEF 2
SFEEU TANK QUANTITY INOICATER HADF L HADC AAAAAAAAA

53 R HAOF KBA
54 FEED 10k CHECK IWITCH R518I HADFA A

TANK N) I QUANTITY SENSING R HADG HADC HAD8 AAAAAAAAA
5b TANK t0 I UPPER PAOBE R51842 MADDG A
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57 TANK NO 1 REF CONODNSOR RSI li HADBA A
PRIMARY LOX QUANTITY INU R HDAA HOAD HOA AAAAAAAAA

R HOAA HOAF AAAAAAAAA
R HDAA H OOAAAAAO0

60 LOX QUANTITY INDICATOR R51851 HDAAA A
REPLATER LOX QUANTITY IND R HOAC HOAS H OOAAAAAO0

R HOAC HOAD
63 LOX QUANTITY INDICATOR R51851 HOACA A

PRIMARY AMPLIFICATION R HOAD HOAE HOAA AAAAAAAAA
R HOAD HOAG HOAC AAAAAAAAA

6b R HOAD KAA
66 QUANTITY AMPLIFIER R4721F HOADA A

REPLATER AMPLIFICATION R HOAB HOAA HOAC AAAAAAAAA
68 R HOAB KAA
69 QUANTITY AMPLIFIER R4721E HOABA A

LOX QUANTITY SENSING R HDAE HOAD AAAAAAAAA
71 QUANTITY PROlE R47117 HOAEA A

LOX LOW WARNING R HOAF HOAA H 002222200
72 R HDAF KAC
73 LOX LOW WARNING LIGHT R47213 HOAFA 1
74 MASTER CAUTION TEST RELAY R4711* HOAFO 1
75 MASTER CAUTION TEST SWITCH R4711* HOAFC

LOX QUANTITY SYSTEM TEST R HOAG L HOAD AAAAAAAAA
SYSTEM TEST SWITCH R5185* HOAGA
FLIGHT INSTRUMENTATION He HRA H AAAAAAAAA

He HOC
HB HOE
H HOKHB NOF
He HBF

I He HB
He Hai

*STATISTICAL ACCEL DISPLAY S51112 HBA HBB H F 000111100
CONTROL S HBO KBE HBA AAAAAAAAA

03 S HBB KBO
04 TRANSDUCER S51142 HOBA A
05 POWER RELAY S5114* HOB A

Lo 06 RMLG SCISSOR SWITCH S13145 RDABABO A
a 07 NLG LIMIT SWITCH 513143 DAABAA Av. 08*ATTITUDE DISPLAY S HOC HHD 14 c 04555560

09 AOA INDICATOR S56861 HBCA A
10 ATTITUDE DIRECTOR INDICATORS73124 HOCB A
11 STANUBY ATTITUDE INDICATOR 55111F HOCC A
12 RErIUTF ATTITUDE INDICATOR S5111C AHOCO A

CONTROL S HOD KAH HOC AAAAAAAAA
14 S HOD KAC
15 5 HBD KBE
16 GYRO CUT-OUT SWITCH S5111* HODA A
17 EMER POWER RELAY 55111* HODB A
*AIRSPEED DISPLAY S HOE CF H E OAIIIIIAO

19 5 HBE HBL
20 TRUE AIRSPEED INDICATOR S51114 FHOEA A
21 TRUL AIRSPEED INDICATOR S51114 AHOEB A
22 A/S AND MACH NO. INDICATOR S51113 FHBEC A
23 A/S AND MACH NO. INUICATOR S51113 AHBED A

NAV AIDS DISPLAY S H8K GAC He E 0025555b0
25 STANDRY COMPASS 551212 HOKA A
26 CLOCK S51211 HOKS A
27 CLOCK S51211 FHBKC A
28 BDHI S511** AHBKD A
29 HORIZ SITUATION INUICATOR S511** FHOKE A
30*BAHUMETRIC ALTITUDE DISPLAYS HOF CF HB E 011111220
31 ALTIMETER S51111 FHOFA A
32 ALTIMETER S51111 AHBFB A
33 VERTICAL VELOCITY INDICA7ORS51115 H6FC A
34*RADAk ALTITUDE DISPLAY 5 HOG HBH He E 011111220

S HO6 KBB HBJ 011111220
36 HEIGHT INDICATOR S72362 HBGA A
*LOW ALTITUDE WARNING S HBJ KBB HO F 011111220

S HBJ HOG
LIGHT S72362* HBJA A
CONTROL S HBH KAA HBG AAAAAAAAA

3q b AMP CKT BREAKER S4215* HBHA A
40 5 AMP CKT BREAKER S4215* HBHO A

PITUT PRESSUPE S HHL HBE OA11IlIAO
42 PITOT/STATIC TUBE 551136 HBLA A
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STRUCTURAL CONTAINMENT

DEP CD AL SENSITIVITY
TITLE WUC ALPHA INPUT FUNC FC FN W 1234567618

STRUCTURAL CONTAINMENT J JAA AAAAAAAAA
J jA
J JCA
J JAN

01 FUSELAGE GROUP V JAA JAB J AAAAAAAAA
AFT FUSELAGE V JAB JAC JAA AAAAAAAAA

03 V in JAC
04 V JAB JAE

TAIL CONE ASSEMBLY V JAC JA AAAAAA AAA
ACCESS DOORS V JAD JAB 011111110
CENTER FUSELAGE V JAE JAF JAS AAAAAAAAA

OS V JAE JAG
08 V JAE JAN

ENGINE INTAKE DUCTS V JAF JAE AAAAAAAAA
ACCESS DOORS V JAG JAE 011111110 !
FORWARD FUSELAGE V JAN JAJ JAE AAAAAAAAA

12 V JAN JAM J
12 V JAH JAL

V JAN JAHA
WINDSHIELD ASSEMBLY V JAJ JAM AAAAAAAAA

14 CANOPY VIi1Sf0O JAAA A
15 SIDE PANELS VIII1IORJAJO A
16 SIDE PANELS VIIII2OLJAJC A

ACCESS DOORS V JAK JAN 011111110
18 GROUP ONE V11120 JAKA A

GROUP TWO V11130 JAKS A
RADOE V JAL JAN 022222220
eCANOPIES CLOSED V JA14A JAHAA JAN 039999930

V JAHA JAHAB EA AAAAAAAAA
A7T CANOPY CLOSED V JAHAA JAHC JAHA AAAAAAAAA

54 V JA4AA JAMS
55 LATCH VI232A JAHAAA A56 RELEASE V123A3 JAHAAB A .57 CABLE MECHANISM V123A4 JANAAC A

S& BELLCRANK V123A5 JAHAAO A
59 SUN6EE/SPRIN V123A6 JAHAAE A
60 LINK/ARM V123A7 JAHAAF A

FiG CANOPY CLOSED V JAHAB JAHC JAHA AAAAAAAAA
62 V JANAB JAMB
63 LATCH1 V123A2 JAHABA A
66 RELEASE VI23A3 JAAABB A
65 CABLE MECHANIbM V123A JANABC A
66 BELLCRANK V1I23AS JAHABD A
67 BUNGE/SPRING V123A6 JAHABE A
68 LINK/ARM V123A7 JAHAeF A

HI PRESS AIR REG AND DIST V JAHC KGA JAHAA FAAAAAAAAA
V JANE JAHAB FAAAAAAAAA

JA.C JANA SAAAAAAAAA
71 RESTRICTOR VALVE V12311 JAHCA A72 SELECTOR VALVE V12312 JAHCO A
73 RELIEF VALVE V12313 JAMCC A
76 MANIFOLD V12314 JACO A
75 RETRACT CYLINDER V12315 JANCE A
76 PANLL RELEASE CYLINDER V12316 JAHCF A
77 STICK RELEASE CYLINDER V12317 JANCS A
78 PRESSURE OPERATING VALVE V12318 JAHCH A
79 SHUTTLE VALVE V1231A JAHCJ A
80 DOUBLE CHECK VALVE V1231C JANEK A
81 REGULATOR V1231D JAHCL A

CANOPY ACTUATION V JARS L JAHAA FAAAAAAAAA
V JAMS KAE JAHAD FAAAAAAAAA

JAMB JAHA SAAAAAAAAA
WING GROUP V JIA jai J AAAAAAAAA
WING TIP V JoB JaC JBA 055555550
OUTER WING V JOC JOD J6A

0 W JaC JOE
ACCESS PANELS/DOORS V JiO JaC 011111110
CM4TER WING V JOE JBF JIA AAAAAAAAA
ACCESS PANELS/DOORS V JOF JBE 011111110

01*TAIL GROUP X JCA Jc J AAAAAAAAA
STABILATOR X JCe JCA AAAAAAAAA
VERTICAL FIN X JcC JCD JCA AAAAAAAAA
RUDDER X JCD JCC AAAAAAAAA
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11'P CD AL SF.NUriTVI'Y

K LTII AAAAAAAAA
c ACOTITIL vU AM INPUT KUNA FAA 2245676

T KAM NO KLFAAAA

y KAN RAC FAAAAAAAAA
v KM MAM FAAAAAAAAA
y MA14 MAJ FAAAAAAAAA
v KAN MAP FAAAAAAAAA
y K AN KOF FAAAAAAAAA
V KAN Koo FAAAAAAAAA
V KM KAN FAAAAAAAAA

y KAN KNO AAAAAAAAA
V MAN RMAN AAAAAAAAA
v KAN LMAN AAAAAAAAA

AC POWER CONTPO. MAN AACE KHC 568644944
RAN ARAG KHC $&&Gas"$M
KAN ANIC NC ses**sases

KAN co KC ~saseeee
KA cc 14C S666668686
K A1 CC NIC slessass

KAN DAC MN!S64686

Mr AN CA MHC sessesseas

KAASt KHC S868466488

VAA FGC KNC S666868466
KAA FnH 4C slaosesses

KM FCC KHC S466866668

KM GA AAAAS86AA66A

KM GACA K1 sAAAAAAAAA

V KAM HAS FH aAAAAAAA

KM HCA H S86AAAA66A
16A OWRCNTO O V4l KMAhS AAAAA

MIH MAN15VC MII AA KAM HO AAAAAAAAA
V AA Ko AAAAAAAAA

y MAA COW FAAAAAAAAA
y KAA MCCB AAAAAAAAA

v AA GCF AAIAAAAAAA
y KAA FOR5 AAAAAAAAA

v KAA CoC IAAAAAAAAA

MIHTMAN AVC hSRII MAA EAAL FSAAAAAAAAA
v KAAEAS K AAAAAAAAAI. VAA CAC AAAAAAAAA

V KAS oSAA AAAAAAAAA
y KAA sp ~ AAAAAAAAA

CI~eNTALIBVC ISHI y M AC RSAC FAAAAAAAAA
C~I41A I5AC01715 VyA KA M SCx AAAAAAAAA

v KAC S CFOAAAAAAOO
KAC KCC AAoAAAAAA

v M A "on" GAAAAAAAAAAA
V KAC cAc SAAAAAAAAA

ACMAC GAS! AAAAAAAAA

NIH MAN2VCMITI AC HADO FaAAAAAAAAA

KAC AO ~ AAAAAAAAA
V KAC HID AAAAAAAAA
V KA AC A AAAAAAAAA
v KAC Cx AAAAAAAAA

AC tiUS Y4212H KACA A
ESSLNTIA. 115VAC DIT41L v KAC KAM ESEC FAAAAAAAAA

KAL) K AAAAAAAAA
V XAO HAJ GACAC AAAAAAAAA
v MAC HABE AAAAAAAAA
V MAO KCC AAAAAAAAA

V AC MADC SAAAAAAAAA

v ACO AAAAAAA

y A "aAAAAA



v RAO ROAKh AAAAAAAAA
v WAD LOA9 AAAAAAA.AA
T RAO KOF AAaAAAAAAA
T WAD wAe AAAAAAAAA
v WAD Loco aAAAAAAAAA
v WAD CON AAAAAAAAA
V WAO LCCJ AAAAAAAAA
v WAD RCCiJ AAAAAAAAA

AC GUS Y41aaM WA0A A
E9bV4TIAL ISVOC OISIRIS I RNA RIF COW AAAAAAAAA

RNA K AAAAAAAAA
v RNA RIADS FAAAAAAAAA
v KDA LOADS FAAAAAAAAA
y RNA WOO RIAGA AAAAAAAAA
v KOA Woo LIASA AAAAAAAAA
v RNA CC*4 AAAAAAAAA
v RNA CAN AAAAAAAAA
v RNA RAN AAAAAAAAA
v WOA HACO AAAAAAAAA
y WSA HACP AAAAAAAAA
v RNA OACAE AAAAAAAAA
y WOA SAIC AAAAAAAAA
v WSA GAAD AAAAAAAAA
v RNA (E AAAAAAAAA
v KoA LOSA FAAAAAAAAA
y WIA 0O8A FAAAAAAAAA
v WNA SON AAAAAAAAA
v RNA Nor AAAAAAAAA
V WOA POP AAAAAAAAA

oC WsO Y48138 WOAA A
NIGHT MAIN 1GVDC DISTII V WOO ~OF DON AAAAAAAAA

v WOO Woo BBC FAAAAAAAAA
v WOO KP AAAAAAAAA
v WOO cmF AAAAAAAAA
V WIO IBAC AAAAAAAAA
v Kos top'S AAAAAAAAA
V WOO [AAC AAAAAAAAA
v WOO EAAS FAAAAAAAAA
V WOO 1AAF FAAAAAAAAA
v KV WO AAK FAAAAAAAAA
'v Wos CAAD AAAAAAAAA
v WOO EAAJ FAAAAAAAAA
v WOO DAE AAAAAAAAA
v WOO FAE AAAAAAAAA

WO Ko*AAO AAAAAAAAA
y WOO SACAE AAAAAAAAA
v WOO HOO AAAAAAAAA
v WOO mOO AAAAAAAAA
v WOO NO.1 FAAAAAAAAA
y WOO COP' AAAAAAAAA
y WOO ABAG AAAAAAAAA
v WOO ROEF AAAAAAAAA
v WOO LOU AAAAAAAAA
y Wod CDOD AAAAAAAAA

aC kl05 V42136 KNDA A
ARMAMENT IOVDC DISTRI*UTIONV RIC WOF SACAC AAAAAAAAA

RIC K AAAAAAAAA
v RIC Wt*B

DC lls V41130 WOCA A
MAUAN &&VOC OISTRIbtION V WOO WOF GACAE AAAAAAAAA

Woo K AAAAAAAAA
V Woo Wilo WOO AAAAAAAAA

DC bUS V4811311 WhOA A
LEFT MAIN AeVOC W)STRIOt V RUE Kilo KOO AAAAAAAAA

WOE K AAAAAAAAA
v WOE KHF HOD AAAAAAAAA
T WOE llOB AAAAAAAAA
v KOK GACAE AAAAAAAAA
v Rut FOH AAAAAAAAA

0v KNC FCC AAAAAAA
V Kok haSc AAAAAA.AA
y WOE DOW0 FAAAAAAAAA

c,, y WOE "GOO FAAAAAAAAA
v KOE 966A FAAAAAAAAA
v Kht KOO AAAAAAAAA
y WOE WOO FAAAKAAAAA
y V WE AACF AAAAAAAAA
V WOE ASOC AAAAAAAAA
V WOE BOAR AAAAAA
y WKlE CAE AAAAAAAAA

DC llus V42136 WOCA A
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LEFT MAIN 26VAC OISTRU 'v KAF KAJ FUN AAAAAAAAA

KAF K AAAAAAAA,
'V KAF KMK

AC BUS 'V42111 KAFA A
LEFT MAIN 14VAC DISThIO 'v KAS KAJ EEE AAAAAAAAA

KAG K AAAAAAAAA
'V K" KMK KA AAAAAAAAA

AC BUS Y4212 KASA AI. ARNING 14/28VAC DISTRIB 'V KAE KAR AACE AAAAAAAAA
KAL K AAAAAAAAA

'v KAE RUCH AAAAAAAAA
'v KAE LBCH AAAAAAAAA
'V KAE COSJ AAAAAAAAA
y:' KAE RREE AAAAAAAAA
'V KAE LSEE AAAAAAAAA
'V KAE AROF AAAAAAAAA

KAE LCEJ FAAAAAAAAA
KAE RCE.J FAAAAAAAAA

'V KAE we AAAAAAAAA1'v KAE LOEB AAAAAAAAA
'V KAE KFA AAAAAAAAA
'V KAE sup FAAAAAAAAA
'V KAE Ba AAAAAAAAA
'V KAE OOK AAAAAAAAA
y:' KME seeC AAAAAAAAA
'V KAE ESPO AAAAAAAAA
'V KAE ESPC FAAAAAAAAA
'V KAE GACAE AAAAAAAAA
'V KAE EEE AAAAAAAAA
'V KAE FAK AAAAAAAAA
'V KAE FCG AAAAAAAAA
'v KAE I4OAF AAAAAAAAA
'V KAC JAMS AAAAAAAAA

KAE CEK AAAAAAAAA
AC BUS '4212h KAEA A.LIGHT DIMING CONTROL 'V KAR KBA KAE AAAAAAAAA

LIGhT CONTROL. PANEL YV44112 KARA A
LEFT AMIN 115VAC DISTRIO 'V KAM KAM HBO0 AAAAAAAAA

KAN K AAAAAAAAA
'V KAM EEE AAAAAAAAA
y~' KAN FAN FAAAAAAAAA
'V KAM FAG AAAAAAAAA
'V KAN FAD FAAAAAAAAA
'V KAM FAB FAAAAAAAAA
'V KAH FAC FAAAAAAAAA
'V KAM FAA FAAAAAAAAA
'V KAMI FAA AAAAAAAAA
'v KAM ass AAAAAAAAA
'V KAN BIC FAAAAAAAAA
'V KAM A1BAF AAAAAAAAA
'V KAN RBARC AAAAAAAAA
'V KAN LBARC AAAAAAAAA

AC BUS Y4212H KAHA A
AC POWER CONVERSION KBF KM SAAAAAAAAA
AC POWER CONVERSION KBF KAM KBA FAAAAAAAAA

'V KBF KRA KID FAAAAAAAAA
'V KOF KOC FAAAAAAAAAy B O FAAAA
'V KIF KIE FAAAAAAAAA

TRNFRE'VCIIR Y23 KOF I AAAAA
TA POER CVIR yV23 KOOFA M KB AAAA

ACPOERCNVRSON ' KBG KA KOA FAAAAAAAAA

y ' KB K KID FAAAAAAAAA'V KOO KRC FAAAAAAAAA
'V KOG KBE FAAAAAAAAA

'V KOO KM AAEAA

TRANdSFORIMER RECTIFIER Y42131 OA A
AC POWER REDUCTiON 'V KAK KAM KAO FAAAAAAAAA

y KA KHA KAFFAAAAAAAAA
'V KAK KAS FAAAAAAAAA

:AK KN SAAAAAAAAA
28VAC AUTO TRANSFORMER YV*212D KAKA A
POWER REDUCTION KAL KAM KAB AAAAAAAAA

KAL K AAAAAAAAA
AC POWER REDUCTION 'V KAJ KAM KAD FAAAAAAAAA

'V KAJ KRA KAF FAAAAAAAAA
'V KAJ KAG FAAAAAAAAA

KAJ KN L'AAAAAAAA1: EVAC AUTO TRANSFORMER YV4212D KAJA A
BUS TIE OPEN INDICATION 'V KAP KAM N 01I111111l

A-101



A

IN5 TIE OPEN LIGHT T1211s KAPA I
R 401RATOR OUT WARNING Y AKAN KAN H 011111110

66 EERATOR WARING LIGHT TURN $MANA I
L GENERATOR OUT WARNING Y LKAN KAN N 0llllS16

GO L GENERATOR WARNING LIGHT 1*3W LKAMA 1
R GENERATOR FAULT DnETCTIONY RKAO RKAS KAN AAAAAAAAA
L GENERATOR FAULT DETECTIONY LKAG LKAS KAM AAAAAAAAA
R GENERATOR NODE SELECT Y RKAS RKAT RKAG AAAAAAAAA

Y RKAS L
PILOT GENERATOR CONT PANEL Y21 2 KASA A
L GENERATOR MODE SELECT Y LKAS LKAT LKAi AAAAAAAAA

Y LIKAS L
PILOT GENERATOR CONT PANEL 1*2122 KASA A
R GEN POWER RESUALTION Y RKAT RKAU RKAS AAAAAAAAA
R VOLTAGE REG SUPERV PANEL Y212* RKATA A
R STATIC EXCITER REGULATOR T1215 RKATE A
L GEN POWER REGULATION Y LKAT LKAU LKAS AAAAAAAAA
L VOLTAGE REG SUPERV PANEL Y*212* LKATA A
L STATIC EXCITER REGULATOR Y212* LKATE A
R AC POWER GENERATION Y RKAU REAK RKAT 666666666

Y RKAU BCE
RH GENERATOR Y4*121 RKAUA A
RH CONSTANT SPEED DRIVE 1*2810 RKAUS A
L AC POWER GENERATION Y LKAU LEAK LKAT 666666666
LH GENERATOR Y*2121 LKAUA A

Y LKAU SCE
LH CONSTANT SPEED DRIVE Y*2210 LKAUS A
*ENERG AC POWER DISTRIBUTIONY KHA KHO KAC K KA AAAAAAAAA

Y KHA KAK AAAAAAAAA
Y KHA KOF AAAAAAAAA
Y KHA KS AAAAAAAAA
Y KHA KAJ AAAAAAAAA

AIRSPEED GOVERNOR CONTROL Y KOH KHC KHA AAAAAAAAA
93 AIRSPEED SWITCH Y*21*3 KHBA A

EMERGENCY POWER CONTROL Y KHC KIHE KHB FAAAAAAAAA 1
EMERGENCY POWER CONTROL K1HC AACE K KAN SAAAAAAAAA

KHC. AGAS K .AM SAAAAAAAAA
KHC ABBC K KAM SAAAAAAAAA
KHC a K KAM SAAAAAAAAA

c KHC CU K AM SAAAAAAAAA
cvj KHC CC K KAM SAAAAAAAAA I

NKHC CA K KAM SAAAAAAAAA
L. K$C DAE K KAM SAAAAAAAAA

KHC EA K KAM SAAAAAAAAA
KHC EE K KAM SAAAAAAAAA
KHC El K KAM SAAAAAAAAA
KHC FAG K KAM SAAAAAAAAA
KHC FBH K KAM SAAAAAAAAA
KHC FCC K KAM SAAAAAAAAA
KHC SAA K KAN SAAAAAAAAA
KCHC GAB IC LAM SAAAAAAAAA
KCHC SAC IC LAM SAAAAAAAAA

KHC HA K KAM SAAAAAAAAA
KHC H" I K KAM SAAAAAAAAA

95 Y KHC KHO
96 GENERATOR LOAD/FREG CONTROLY42144 KHCA A
97 ESSENTIAL LINE CONTROL Y*2145 KIC A

EMERGENCY MODE SWITCHING Y KiHO KAM KHC AAAAAAAAA
99 EMERGENCY GEN CONTACTOR Y*2146 KHOA A

EMERG POWER REGULATION Y KHE HF KHC AAAAAAAAA
Al EMERG CONTROL REGULATOR Y42142 KHEA A

EMERG AC POWER GENERATION Y KHF KHO KHE AAAAAAAAA
A3 Y KHF KGA
A* EMERGENCY GENERATOR Y*2141 KHFA A
AS RAN AIR TURBINE Y532700 KHFB A
A6 PNEUMATIC SEQUENCE VALVE Y*5321 KHFC A
A? RAT DOOR CYLINDER LH Y45322 KHFD A
AS RAT DOOR CYLINDER RH Y*5322 KHFE A
A9 RAT ACTUATOR CYLINDER Y45323 KHFF A
80 RAT ACTUATOR Y45325 KHFG A
81 POWER UNIT STRUT Y532730 KHFH A
82 SWIVEL ASSEMBLY Y4532C KHFJ A

EMERGENCY MODE SELECT Y KHG L KHF AAAAAAAAA
8* MANUAL OPERATING VALVE Y5311 KHGA A
5 RELEASE HADLE Y*5312 KHG8 A
86 RELEASE MECHANISM Y*5313 KHOC A
87 EXTENSION MECHANISM Y45320 KHGO A

*POWER CONTROL I DISTRIBUTE Z ICA KC KCD AAAAAAAAA
Z KCA CAB 555555555
Z KCA LCCC F555555555
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KCA LCCe P155555155
KCA LCCA SAAAAAAAAA0 MANIFOLD Z*SIA KCAA A05 FILTER, STABILAToR Z4l1C KCAN 306 FILTERvSPOtLER # AILERON LHZ4511C KCAC 307 MANIFOLD CHECK VALVE Z8511s KCAD A

08 STAUILATOR CHECK VALVE Z45110 KCAE ASYSTEM PRESSURIZATION z KCS KCO KCA AAAAAAAAA
z KCS SA" KCC AAAAAAAAA
z KCD KFA AAAAAAAAA
Z KCS KCD AAAAAAAAAIt HYDRAULIC PUMP Z*5118 KCSA A13ACCUMULATOt *5115 KC A14 ACCUMULATOR GAGE Z*511, KCSC SIS SYSTEM RELIEF VALVE Z*5116 KCSO A16 SURGE£ SUPPRESSOR Z45110 KCKR aFLUIU SUPPLY z KCD KC8 KCD AAAAAAAAA

zI Z CD MCA19 RESk.RVOIR Z5113 KCDA A20 BLEED VALVE ZS110 KCDO A
&1 HYD/FUEL RADIATOR Z85118 KCOC ARP FILTER Z4SlC KCDO 323 RESLRVOIR CHECK VALVE Z5110 KCC A24 PUP CASE DRAIN CHECK VALVEZ85110 KCOF A25 RADIATOR CHECK VALVE Z8511* KCD6 A
26 LH AILERON CHECK VALVE Z8511* KCOH A27 STAbILATOR CHECK VALVE Z5114 KCDJ APC I PRESSURE INDICATION Z KCC KCI 022222220
29 Z KCC KAD

HYDRAULIC FUSE Z5181* KCCA A
PRESSURE TRANSMITTER Z51812 KCCI APRLSSURE INDICATOR Z51811 KCCC ASNUBBER Z5181. KCCO AS AMP CIRCUIT BREAKER Z1215S KCCE A*POWER CONTROL 11 DISTRIBUTEZ KDA KOB KDO AAAAAAAAA

Z KOA CAB 555555555
Z KDA RCCC F555555555
Z KDA RCCB FSSSSSSSSS

KDA RCCA SAAAAAAAAA37 MANIFOLD Z45126 KDAA A38 FILTERe STABILATOR Z45127 KDAB 339 FILTEReSPOILEN + AILERON RGZ45127 KOAC 3
MANIFOLD CHECK VALVE Z851*. KOAD A
STAbILATIR CHECK VALVE Z51*. KOAE ASYSTEM PRESSURIZATION Z KDB KOO KFA AAAAAAAAA

Sz KDO OAK KDC AAAAAAAAA
z KDO KDA AAAAAAAAA
Z KOB KO0 AAAAAAAAA'46 HYDRAULIC PUMP Z45122 KOBA A47 ACCUMULATOR Z45123 KDBB A48 ACCUMIULATOR GAGE Z*5124 KOBC 5

4v SYSTEM RELIEF VALVL Z4512e KBO A50 SURGE SUPPRESSOR Z4512s KOE 2FLUIO SUPPLY I KOD KD KOB AAAAAAAAA52 2 KOO KDA53 RESERVOIR Z4512A KOCA A
54. BLELD VALVE Zb12$ KDOB A
55 HYU/FUEL RADIATOR Z45128 KDDC A
56 FILTLR 245127 KDOO 357 RESERVOIR CHECK VALVE Z'512* KODE Ab8 PUMP CASE DRAIN CHECK VALVEZ4512* KDOF A
59 RADIATOR CHECK VALVE Z4512s KOO A60 RH AILERON CHECK VALVE Z45120 RODH A
61 STAUILATOR CHECK VALVE Z8b12* KOOJ APC 11 PRESSURE INDICATION Z KDC KOO 022222220
63 z KDC KADHYDRAULIC FUSE Z5181* KOCA APRESSURL TRANSMITTER Z51814 KOCI A

PRESSURE INDICATOR Z51813 KDCC A
SNUUHER Z5181* KDCO A
b AMP CIRCUIT BREAKER Z5181S KDCE ALOW PRESSURE WARNING Z KFA KCB H 01111111069 z KFA KD?7 Z KFA KED7 1 z KFA KAE72 PC I PRESSURE SWITCH Zb.117 KFAA A

73 PC 11 PRESSURE SWITCH Z45125 KFAB A74 WAHNINb LIGHT 24512s KFAC A
75 5 AMP CIRCUIT BREAKER £L2150 KFAU A

*UTILITY HYD DISTRIbUTION Z KEA KEB KED AAAAAAAAA
Z KEA DAC AAAAAAAAA
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z KEA LCCO FAAAAAAAAA
Z KEA RUC FAAAAAAAAA
Z KEA 1J3CC FAAAAAAAAA
Z KEA lWC FAAAAAAAAA
Z KEA NC FAAAAAAAAA
Z KEA ac AAAAAAAAA
Z KEA KOC AAAAAAAAA
Z KEA COD FAAAAAAAAA
Z KEA AOC AAAAAAAAA
Z KEA AAD AAAAAAAAA
Z KEA C" AAAAAAAAA
Z KEA COC AAAAAAAAA
Z KEA AACS AAAAAAAAAZ KEA AS AAAAAAAAA
Z KEA CE¢ AAAAAAAAA
Z KEA asp AAAAAAAAA
Z KEA LCCO FAAAAAAAAA
Z KEA ,CCe FAAAAAAAAA
Z KEA RCCO FAAAAAAAAA
Z KEA RCCC FAAAAAAAAA
Z KEA CCF FAAAAAAAAA

Z KEA LCCC FAAAAAAAAA
KEA CC SAAAAAAAAA

Z KEA ABAC AAAAAAAAA
94 LH AILERON/SPOILER FILTER Z4513G KEAA 3
95 RH AILERON/SPOILER FILTER Z4513G KEAS 3
96 RUDDER FILTER Z45136 KEAC 3
97 MANIFOLD Z4S13 KEAD A
96 MANIFOLD CHECK VALVE Z4S13* KEAE A
99 MANIFOLD FILTER Z4i36 KEAF 3
A3 FILTER CHECK VALVE Z4513* KEAS A

SYSTEM PRESSURIZATION Z KEB KED KED AAAAAAAAA
Z KEB OAK KEC AAAAAAAAA
Z KE6 KEA AAAAAAAAA
Z KES KFA AAAAAAAAA

AS LH HYDRAULIC PUMP Z41513C KEBA S 
A6 RH HYDRAULIC PUMP Z4513C KE8 S
A? SYSTEM ACCUMULATOR Z45130 KESC A
AS ACCUMULATOR GAGE Z5135 KEWU A
A9 SYSTEM RELIEF VALVE Z45131 KEBE A
8O LH PUMP CHECK VALVE Z4513S KEOF A
81 RH PUMP CHECK VALVE Z4513. KEBS A
82 LH SURGE SUPPRESSOR Z4513* KEBH 2
83 RH SURGE SUPPRESSOR Z4513* KEBJ 2

FLUID SUPPLY Z KED KEA KEB AAAAAAAAA
RS Z KED KES
86 RESERVOIR Z4513A KEDA A 1
R? RES.RVOIR BLEED VALVE Z4513* KEDS A
88 LH HYD/FUEL RADIATOR Z4S36 KEOC A
89 RH HYD/FUEL RADIATOR Z45136 KEDD A
CO RADIATOR RELIEF VALVE Z4513* KEDE A
CI LH PUMP CASE DRAIN FILTER Z45136 KEOF 3
C2 RH PUMP CASE DRAIN FILTER Z5136 KEDO 3
C3 CASE DRAIN CHECK VALVE Z4513* KEOH A
C4 MANIFOLD FILTER Z45136 KEDJ 3
CS MANIFOLD FILTER Z45136 KEDK 3
C6 MANIFOLD CHECK VALVE 24513* KEDL A
C? MANIFOLD CHECK VALVE Z4513* KEOM A

PRESSURE INDICATION Z KEC KES H 011111110
Z KEC KAF

5 AMP CIRCUIT BREAKER Z4215* KECA A
HYDRAULIC FUSE 2513* KECB A
SNUBBER 2513* KECD A
PRESSURE TRANSMITTER Z51816 KECE A
PRESSURE SAGE Z51815 KECF A
$PNEUMATICS DISTRIBUTION + KGA KGB KHF AAAAAAAAA

+ KGA OB AAAAAAAAA
4 KSA DCO AAAAAAAAA
+ KGA JAHC 011111110
+ KGA COBF AAAAAAAAA
+ KOA AABG AAAAAAAAA

07 GROUN0 CHARGING AIR VALVE +45215 KGAA I
08 AIR VALVE FILTER +4521D KAB 1

PRESS CONT/MOIST SEPARATOR + KGB KBE KGA AAAAAAAAA
4 KGB KGC KGF AAAAAAAAA
+ KGB KGD AAAAAAAAA

12 MOISTURE SEPARATOR +45211 KOBA 0
13 CHEMICAL DRIER +45218 KOBB 4
14 PRESSURE SENSING SWITCH +4521* KGBC A
15 VENT VALVE +4521* KGSD A
16 DUMP VALVE +45210 KOBE A
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1T SAFETY VALVE "Slif KO A
PESSURE GENERATION Roc ROD KU AAAAAAAAA

49KO KEA
to KOC KU9
':I Y0 DRIVE COMPRESSOR **581C ROCA A

It HYDRAULIC MOTOR **521E Koer A
23 CASE. ONAIN CHICK VALVE *UI*e KGCC A

SYSTEM ACTIVATION KOO KB KOC AAAAAAAAA
25 KOO KOO
26 FELO VA&LVEO *45215 lO A
2* SLICTRGUALVE **5215 KUA A

24 DOR N 22 WIT11 *5200 KOKA
29 DOR N 23SWIIH *5200 KOMA
30 SAMP IRCIT bEAKE +8520* KOKAI:AIR SUPPLY KUE ECO KoC AAAAAAAAA32 CHECK VALVE AND FILTER *45240 KOEA A33 ABSOLUTE PRESSURE RE"UATOR#4S216 KUSB A

PRCSSllRL INUICATIUN KV KGB H 011111110
35 KUF KAD

5 AMP CIRCUIT OREAKEN +*52* KUFA A
AIR PRESSURE GAGE *51821 KUS8 A
PRESSURE INDICATOR *51922 KUFC A
PRELURWE TRANSMITTER +51823 KGFO A
28 VdOLT DC DISTRIBUTION KM AACC SAAAAAAAAA

KM ABAS SAAAAAAAAA
KM ASC SAAAAAAD %A
KM CA SAAAAAAAAA
KMCASAAAA
KM CC SAAAAAAAAA.KM c SAAAAAAAAA
KM CAE SAAAAAAAAA
KM EAP SAAAAAAAAA
KM ESCC SAAAAAAAAA
KM FUN SAAAAAAAAA
KM FCC SAAAAAAAAA
KM FACC SAAAAAAAAA
KM GAUC SAAAAAAAAA
KM GBCC SAAAAAAAAA
KM HAOFE SAAAAAAAAA
KM HA89 SAAAAAAAAA
KM Nee6 SAAAAAAAAA
KM H86 SAAAAAAAAA

AC OWVOTAG DSTIBUIOKI HBAO SAAAAAAAAA
ACLWVLAEDSRBTO N LOADE SAAAAAAAAA

KN LAS SAAAAAAAAA
K N R8C6 SAAAAAAAAAKN ROCO SAAAAAAAAA
IN LCCJ SAAAAAAAAA
IN RCCJ SAAAAAAAAA
KN RCCJ SAAAAAAAAA
IN EC SAAAAAAAAA1. N EACE SAAAAAAAAA
KN FSH SAAAAAAAAA
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COMPUTER PROGRAMS
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LI
This appendix presents the computer programs for the construction and

exercising of the Navy F-4J Flight Safety Model. These programs are identified in
the following table and described in detail beginning on the page indicated.

Title Purpose Page

ASOOA Produces Dictionary and Dependenst Function B-3
array from functional/sensitivity deck. .

AS101A Sorts Dictionary tape. B-9

AS200A Identifies sensitivity values along either sensitivity B-11
or functional paths.

A&300A Sorts path/sensitivity tape by WUC, ALPHA, and B-29
Provisory Factor.

AS400A Combines path sensitivities for each Provisory B-33
Factor/WUC combination.

AS500A Formatted dump of AS400A in printout and/or B-43
punch card form.

AS600A Combines sensitivity and failure data for use in B-47
AS700A.

AS700A Computes WUC criticality B-51

B1
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I

I
PROGRAM: AS100A

Inputs: AS100-CD (Function deck)

o u AS100-T1 (Dictionary tape)
AS100-T2 (Array-tape)
AS100-R1 (Array and dictionary printout)

Purpose: a. Input the aircraft function deck.

b. Generate AS100-T1 record for each alpha designator with
Work Unit Code and title.

c. Generate AS100-T1 record for each function/dependent
function relationship with appropriate Provisory Factors,
sensitivities, etc.

Method: As the function deck is read, each function/dependent function
relationship generates an array entry. In addition, each WUC
encountered, treated as an input to the next function above it in
the deck, creates an array entry. The array is then sorted and
put out on AS100-T2. At the same time, alpha designators with
their titles are outputted to AS100-T1.

[
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PROGRAM AS1ODA (Functional Array Generatr)

Mart

PO

AtEd RaErnd-Run Section I
A8100-CPerform ARRAY-

PRINT. Sort DATA-
I ARRAY 1. Perform

TAPE-OUTPUT.

Perform ARRAY-

ALPHA, and S Up rdsdontnnict

ALPHA1 Dep-Funo-

I Perorm yen TilWUCAPA hyree o
Pictio-P SpaceI

I No

Perform__ __ _

L...--------------

ALPHAI p-F.1



ASIOMA
ISS:AIl1 Nipc Ca Af.alOOAASIoOA
u1c COBOL TEST CONPILLR
COWI uD Of - 31 JAN ?v AT 1815181

I IUENTIFICATION OIVISION.
P.01111-IO. ASIOGA,

3 AUTHOR. ROBT RITTEk
4 m aRS. TOPOOWN FUNCTIONAL ARRAY efNERAlCH.

EaIIIONMeT DIVISION.
SCOW:IURATIO. SEceION,

7 SoURCE€OWVCPUTINR IVAC-II0S.
• Ot.ACT-COMU1H. UNIVAC-1otO.9 i#UT-OUTPUT SECTION.

10 F IE'€ONTROL,I1 SELECT FSORT ASSIG TO BRU 100000 WORDS.

12
b  

SELECT ASISI-Ti
13 ASSIGNq TO UNI".VO 14.

14 SELECT ASIOO-Tl
is ASSIGN TO UNISERVO F.
16 SELECT ASIO-RI
17 ASSISN TO PRINTER.
IO SELECT ASIO0-CD19 ASSIGN TO CARO-READER-FIBHTY.
20O P4TA DIVISION*,
f.1I FILE SECTION.,2 FI) ASEIO.T LABEL RECORD OMITTED DATA RECOO uICT-ENTHY.23 111 OICT-ENTRY.

2l 01 DT-ALPHA PICTURE XXXXXX.
2b I 0 02 OT-AULR PICTURE X.
-b I 0R OT-WUC PICTURE XXXXKXX.
& .1 2 02 DT-TITLE PICTURE X(271.
-i F ASIOI-RI LABEL RECORD OMITTED DATA FECORD PRIIiT-LINE.
29 0i PRINT-LINE PICTURE x4132),
30 F) ASIOO-CD LABEL RECORD OMITTED DATA RECORDS ARE CARDI CARD2.
31 01 CARD.
32 02 FILLER PICTURE X(8).
33 u 2 02 FLAG PICTURE X.
34 u 3 02 TITLE PICTURE X(27).
5 L 0 02 C31 PICTURE X.
,36 u 1 0 vUC PICTURE X(7).
37 b 2 OR AOR PICTURE X.
•6 u 3 02 ALPHA PICTURE Xfb).39 ? 3 02 C.46 PICTURe X.

.40 7 It 02 CONPIG PICTURE 8X.
'41 13 1 02 IFLA PICTURE X.
42 u 1 02 INPUTS PICTURE xi6).
.43 9 1 02 DFLR PICTURE X.
4.4 9 2 02 DEP-FNCS PICTURE Xb).
45 lu 2 02 C63 PICTURE X.
4b Lu 3 02 CON-FAC PICTURE XX.
47 lu % 02 ALT-FONC PICTURr XXxx.
o.8 11 3 0 WUC-SFNS PICTURE X
09 11 4 OP C71 PICTURE X.
bO 11 5 02 FLIGHT-4ASE-SLE4SITIVITY.
bi 11 % 03 SNS-PHN OCCURS 9 TIMES PICTUR. X.
52 Si, FSORT FILF CONTAINS ADOUT 4000 RECORDS OATA iCt.)RD FSORT,.
b3 1L FSORTI.
54 02 FS1 PICTURE XK(q).
55 p 02 FS-KEY PICTURE X(1).
5 44 3 02 F52 PICTURE X(16).
,.7 ., 1 02 FS3 PIC X.
:)," Fo ASIOO-T2 LABEL RECIRD OMITTED DATA RtECUR Tlof-AEC.

P TAPE-REC PICTURt X(0000).
00 WORKING-STORAGE SECTION.
61 77 CENTRY PICTURE 99999.
bi 1 0 T? DA-IND PICTURE 9(5).
63 2 0 77 SAVE-ALPHA PICTURE X(6).
Ill . 0 77 SAVE-ADLR PICTURE X(6).
Z b 0 01 DATA-ARRAYI.
b6 4 0 O DA1 OCCURS 4000 TIMES.
b? .4 0 03 DALPHA.
be 4 U 04 nALPHAI PICTURE X(61.
b4 b 0 04. DALPHA2 PICTURE X.
70 t 1 03 U*'UC PICTURL XXXXXXX.
71 0 p 03 DI)EP-FUNC.
72 a 2 04 DOEP-FUNCI PICTURE X(6).
73 7 2 04 OlDEP-FUNC2 PICTURE X.T4 7 1 03 OWUC-.ENS PICTURE X.
isT ? 4 03 UPH-SENS PICTURE- X119).

S76 -# 1 03 OK-FAC,

?77 9 1 04 UK FAC1 PICTURE X.78 9 2 04. OK-FAC2 PICTURE X.
79 9 3 03 DALT"FUNC PICTURE XXXX.
G0 10 1 03 UTYPE PIC X.
81 4 0 OL DATA-ARRAY2 REDEFINFS DATA-ARRAYI.
02 4, 0 02 DA2 OLCURS 76 TIMES PICTURE X(2000).
83 4 0 POCEDURE DIVISION.
814 Pn.
uS OPEN INPUT ASIOO-CD.
06 OPEN OUTPUT ASIO-01.
07 OPEN OUTPUT ASlOO-Ti.
68 M4OVE 0 Tu DENTRY.
89 MOVE 1 To DA-IND.
90 PERFORM ARNAY-CLEAR VARYING TALLY FROM I flY I UNTIL TALLY
92 00 TO REAO-OATA-CAROS.

93 RF AD-DATA-CAI(DS SECTION.
9. R.OC1.
95 READ ASIOO-CD AT END 60 TO ENO-RUN.
96 IF ALPHA EQUAL SPACE So TO ROCI.97 IF NUC EQUAL SPACE AND OrP-FUtCS EQUAL 'rPACt f. TO RDCI.
98 IF TITLE NOT EQUAL SPACE
99 PCRFORM u ICTIONARY-TAP.

lOO IF %UC LoUAL SPACE AND oDrp-FtINCS NOT EQUAL t AcC,
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AS1i0

964 PSIR R ma aW-t ma
as& asTO AL.

157 MNOW U.PA To SAVE-*L0wh

11o PyLame hm CI

in* YAM UA T SAVE-AeLL'

U113 MOVE apL TO, W-PusIa(W-IW.

SIT MOVI CO-PAC TO O-FACIOA-IND).
lie MOVE ALT~PaI TOOAT-UCAII.
119 MOft. LUNT-PWASE-SEWAITIIT TO OPH-SESIOSSA-Ldfl1.
180 MRW CIL ToOn (WPEAIND).
181 AMo 1 TO WI-NDs
tat Pzeu--*jCS, SECTIso.
123 fts.
It" WOVE ALPHA TO DALPWA&IDA-IND).
1as WOVIE ADLR TO DAL4%A8(O-IMQS.
Is. oVE SAWC-ALAIA To E-SCIDIW .
Say OR UANA TO DOOP-PLURCA-INSJI.
Lee WVE W TO SUUCSDA-IWSS.
109 WOVIE VUC-SENS, TO DOUCWSENSIOA-IND).
33O IF WII-SENS EGUAL ' 0 MOVE 9A@ TOOwCSSia-WI
131 MOVIE COW-FAC TO OR-PACICA-INOS.
132 MOVIE C71 TO DTYPE(OA-NS,.
133 ADD I TO W0IND.

p134 PWrEXIT.
135 EXIT.
136 Eta."N SECTION.
137 Col.
139 SORT PIER? ION ASCENDING KEY FS-KEY INPUT PNOCEIAWR IS
139 PS-IN OUTPUT PROCEDURE IS FS-OUT.
144 PERFORM TAPE-OUPU.
lot PERFORM ARRAY-PRINT.
1*8 CLOSE ASIOO-TI.
1863 MONITOR CIENTRY.

144MOWIOR CA-IND.
14% STOP moo314 DICTIONARY-TAPE SECTIONs.

1*7 OSI.
1*8 WOVE ALF44A TO CT-ALPHA.

too WOVE AOLP TO OT-ACLR.
ISO WV VUC TO OT-WUC.
111 MOVE TITLE TO CT-TITLIE.
Is, WAITE DIET-ENTR.
153 ADO I TO DENTRY.
154 Cb.EXIT.
M5 EXIT.

114 Pts-IN SECTION.
157 Psi.
150 PERFORM PSA VARYING TALLY FROM I BY I UNTIL TALLY
1I9 GREATER THAN 4000.
160 60 TO PSI-EXIT.
101 F,,2.
1*8 IF DALPH4A4TALLY) NOT EQUAL SPACE RELEASE P50*11
163 PROW CAlOTALLYI.
164 P51-EXIT.
105 EXIT.
166 FS-OUT SECTION.
167 FS3.
100 PERFORM P5* VARYING TALLY FROM I PY I UNTIL TAi.LY
169 GREATER THAN *000.

5170 F4
171 RETURN PSORT RECORD INTO CAITALLY) AT END 40 10 .%3-EXIT.
1?2 F!.3-KXIT.
173 EXIT.
17* TAPE4UTPJT SECTION.
171 Tot.
170 OPEN OUTPUT AICS-TI.
177 PERFORM 704 VARYING TALLY FROM 1, BY I UNTIL TALLY
170 GREATER THAN 7b.
1T9 CLOSE ASISO-TA.
is* 60 TO TO.EUIT.

let WAITE TAPE-RC FRO'4 CA24TALLY).
143 T%-EXIT.
I"* EXIT.
105 ARRAY-PRINT SECTION.
I"0 ARI.
107 MONITOR DA-IWO.
IGO0 PERPORW ARE VARYING TALLY FROM4 1 BY I UNTIL 1ALLY
1a9 WRATER THAN 4000.
1SO U0 TO AN-EXIT.
191 AH2.
1I" IF CALPHAITAU.Y) EGUAL SPACE 00 TO AN-EXIT.
193 WRITE PRINT-LINE PROM OAMOALLY).

19* Ai4-EXIT.
195 EXIT.

190 MISC SECTION.
197ARRAY-CLEARt.

190 WOVIE SPACE TO OAI(TAi.LY).



AS01 C AolSs N C IbE tC L I S

"oa OSS-"I 016
I J" 4*51-iA 004% 91"41

"SheSi~ OtlOl a
age ea*w-2l2m v lac1110 ftW "ft

1W ou~fm- S IMfo

old?113 GAS OF UA

ftoo 00IC* OP PS-ZN 00"11990

?01.036U IO
013 ~ soit O P 1:1 -

6171 Wb0 OF PS-Ift 10 SI I

1160 P0IuK OF.6W Ol 010400 0164 016"

61t1 *P01 OP IC

0133 SwVI Gi-xt oP PICK- 0135
001 OF PICK-
aacI& OP K49 00 06 6its

620 P02*0-0AtA-CAUS 00
0107 *SAVC44Pmi OP E 02*S- 6 0 101 0101
01 70*TAPE-OUTPUT 01006140 61t"

Od TO-EIT of TAPE- 04110 W16
Tiot OF P 19

6007 "" or a C AD tis#I oiH 14
0 3 0 k A L P H AO F -cI o 0 1 " 1 2 0 1 1 4 J 4
0. %7 AI.I :-ft OF CNIH

6030 A-.100Ca 0170 617

00.) CAN0I OF 4SIGO
*0044 C.4#% oP CAROL

a~o CON-FAC OP CARDS a1l? 0131
:03 031 OP CARDS
0039 C~b OF CARDS

840 Ct.3 oP CARDS
Ms, C71 OF CAROL013 03
0067 P'M.F94 OF :tl 0!1' 010!
ato0 OALPH*1 OF OALPHI 0113 01816
0069 OALPWAI OP D*Lut4 00 0135
0079 O*L?4IMNC oP 0*1 0116,
00. aTA-APAAW1 OP WOWI

:oast 00ATA-0AY*AT OF WOOERI
r~)fA-IND Of WORKI OC49 611.3 0114 0116 (111t 0116 0114 C110 0120 00~1 01."

h ll0* f1ll 0129 01*0 0130 53 01412O* 0133 0100 0107
0 001I& OF DATA- 0103 9171 0i,3 01"0

*a"60 DAA OF DATA- 0103
0071 OEP -FUNC VF 0*1
0072 fl0(PP1JWO OP DMP- 6116011
0073 DOCP4UNC9 OF Dop- 0116 0126
005 flNTS? OP WOMI 06 1303

0", 41 MOPOt or CARD S6110lt ta04 VL Of ol 0116 03
00*3 VICT-INIOY OF ASIOO 015*

0077 DR-PACI OP DR-4A

0060 oo-TAPI OF O0l- 610

06AS*1AL F IT 01-39.
00A4 DT-ALPI4A OF DICT- 0103
00*7 DT-TITLE OF DICT- 6131
U646 Dl-"J OF DICd- 0131[I0070 uvUC-IN OF 0W Sit' 013
0033 P160A OF CANDI
"01 FL ISHIT-PHASE-11146SIIIVI TY VF CAhDI 6103 0119
fluba F3631 0130 0139 0100 00,1 0171
PQt3 P50011 OF FS01T 0163 0103
oobs Pb-KcT OF P1401 0130

0cam 13 or PSONT

n 001 IFLN~ O CARO l

0014 POINY-LINE OF *1160 0103 0193
0000 SAVEI40L. VF wOOER 0106 011* 0187
003 SAVI'AI.PW* OF WMi M1012 012s0I

0033 SEWS-PHN OF P1.16
0177 0179 6177 0163 01"0 0190 01". 0192 0393 0190

0039 T*02-Old OF ASISO 010* 0103
030 TIl Of CAROl Of" 0111
:0036 VU or CARDS 00at 6100 010 1*6 0131

ft~oW-Stpa OF CARDS 61*9 6130

*R ) 0103 SIGN P02111610 N FIELD0 Sh03L D b P oS5111W

0 FROUR 610 SION P01516 OW FIELD0 IOU K POSITIVE
["On 0101 slow4 P~fLN owM ON 1. F IE SOU~o SE POSITIVEK COPOL CO0ILPTIDO TIME 4 SECONS-I
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1PROGRAM: AS101A

3Inputs:. AS100-Tl

Ouitput: AS100-TI1 AS101-Rl

3Purpose: Sort, by alpha designator, the dictionary tape operated by AS100A.

PI



<" 0
ASlIA

10:212i .08 W-SAIOIA.ASIOIA :

UCC CGOOL W SIN 3.
COMPILED aN - M4 Jdm 7 AT I sNl

I 1STIMPLCATIf DVISIONee
I PnOIIIO-t. A IAo
S AUTNIS* MOT RITTER I
4 Rmco So sei OICTIONART TAPE.
S ENVIMIENT DIVISION&

€6 ONFIURATION SCTMION.
7 SoURE-CoWm . UNIVAC-1i.

p dOh.ECT-CUMPUTIM. UNIVAC'110.
9 hIPUT-OUTPUT SECTION.

10 FILE-CONIRL.
at SELECT As10O-TI ASSIGN TO MISERVO W
I2 SELECT ASIJI 1 ASSIGN TO PuNNM.l
13 SELECT FSONT ASSIN TO DRM 160O WS. I
1'. DATA DIVISION.
ISl FILE SECTION.
10 FO ASI11TI LAL RECoRD ONITTtU DATA RECORD OICT-ENTRY.
I7 oI DICT-ENTUy.
is a OT-ALPFo PICTURE XXXMo

S 0 o O OT.AOL PICTURE X,
20 1 08 DT-vUC PICTURE xXXXXX.
at2 1 0 OT-TITLE PICTURE %(a?$*
22 FO AS101-01 LAWEL RECORD OSITTED DATA RECORD PRINT-LINE.
23 01 PRINT-LINE PICTURE X( l91.
'o So FSORT FILE CONTAINS ADOUT 1100 RECORDS DATA KECORD IS FSORTI.

15 01 FSORTI.
20 Of FSKEY PICTURE XXXXXXX.
27 1 1 It FSREST PICTURE X(34.).
.9 1 1 WcRIKIN-STORAOE SECTION.
*9 01 PLI-PICTURE X141).
30 PROCEDURE DIVISION.
31 PO.
32 OPEN OUTPUT ASIOI-RI,
33 SORT FSORT ON ASCENDING KEY FSKET INPUT PROCEDMRE IS F.IN
3' OUTPUT PROCEDURE IS F-OUT.
36 CLOSE ASI I-RP.
36 CLOSE ASLA0-TI.
37 STOP RUN.
38 F-Ik SECTION.
39 Fl.
40 OPEN INPUT ASIO0TI.

41 READ ASIOGTI AT END SO TO FI-EXIT.
143 RELEASE FSORTI FRON DICT-ENTRY.
44 O TO Fa.
45 FI-EXIT.
46 EXIT.
47 F-OUT SECTION.
48 F3.
4: CLOSE AS10-TI . JEN OUTPUT AIO0-TI.
50 F4S.
t. RETURN FSORT RECORD INTO DICT-ENTRY AT END bO TO FS-EXIT.
52 MOVE DICT-ENTRY TO PLI.
63 WRITE DICT-ENTRY.
54 WRITE PRINT-LINE F ON PLI.
55 So TO F.
b6 F3-rXIT.
57 EXIT. 0

0

C R 0 S , R E F E R E N C E L I S T

0016 AsIOO-T& 0011 0016
0022 ASIOIR-I 0011 0022
0oc. F6ORT 0013 002'.
o(1 1 OF-IN 0034 0034. 003'.
00U9 *F-OUT 0034 003'. 0034
000 SF1 OF F-IN
0046 OFI-EXT OF F-IN 0041 00(0
00*2 *F2 OF F-IN 0044
0049 SF3 OF F-OT
0O? *F3-EXIT OF F-OUT 0051 0057
00b1 *F4 OF F-OUT 005b
0031 *PO OF SSAAB
0010 ASIO-TI 60306 0040 00412 009 0049
0022 ASIOI-RI 003* 0035
0017 DICT-ENTRY OF AS100 0044 0051 0052 0053
0019 DT-ADLA OF DICT-
0010 lT-APHA OF DICT-
0021 DT-TITLE OF OICT-
0020 OT-WUC OF OICT-
0026 FSKEY OF F' T 0033
0024 FSORT 003' 0034 0051 0051
OogS FSORTI r FSORT 0013 004'
0027 FSREST W FSORT
0029 PLI Of vWOKI 0058 0054
0023 PRINT-LINE OF ASIO1 0054 0054

CI0140L COPILATION TINE 2 SECONDS.
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I AS100-T2 (Array tape)

AS200-CD (Control card, starter deck)

Ioutputs: AS200-T (Path/sensitivity tape)

AS200-RI (Exception report)

Drum Files: AS200-D1
AS200-D2

Purpose: Generate the path/sensitivity tape (AS200-T1) from the array tape

(AS100-T2) and starter deck (AS200-CD), printing an exception

report of paths in loops and multiple "K" paths as they are

3 encountered.

Method: The array-tape (AS100-T2) gives all the function/dependent
- function relationships in the aircraft. Starting at some point, say

function AB (determined by starter deck), all functions listing AB

as dependent function are found, e.g., ABA, ABB, ABC. Each

of these creates a path record (ABA-AB, ABB-AB, ABC-AB) which

is written on AS200-D1. This is done for each function in the

starter deck. When the starter deck is exhausted, AS200-D1

becomes a "starter deck" and the process is repeated with results

[ going to AS200-D2. This alternating is continued between D1-D2

until all paths end or a set number of iterations are made. As

indicated above, AS200-T1 is a path/sensivity tape determined by

the control card read at the start of the program. If the run is

a sensitivity computation run, pathe are dropped upon encountering

"IF" dependent-functions. A functio; -path run drops paths upon

[ encountering an "S" dependent function.

I

I

~B-Il



AS200A TOP-DOWN PATH GENERATOR

COUNTER$ .1RUR
PERFORRM

TAPE' NmO TPu
INPUT CARD)

READ-DATA- DIN)
CARDS SECTION

FERFORM SHIMTALFWA.

MOVE WF1:1) TO FALV rj1 T AR
MOVE 0TO ANT.

IN Y)P .

.8. IK P-
PACF~ Imt

I NoI

C MAID TE
A IKR

I 
FILE 2

IL-

END-OF-CARDS

IIPUNCH CAROS,
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AS200A TOP-DOWN PATH GENERATOR

PICK- P.I orS S )T PlICK-UP-wWatS 6#.CTU

PERORMMObVE WMU.AIU)2 TI'
Put. WRKCARDi.

MOVE W)* 4.*-Am): Tit
VMORK-CARI.

MOVE DM14-StIPINTALLY) TO tXbNVI.

D- ysPERFORMUITAIPA.
OR- PERFORM ACLYII A TOFU CO2I.

PERFOM CUT-CK- FRLO.PrFOMNITA41
NOVI DALMATALLT) 70MOVE CIALT-FY) TO UCNI

pvm~~l). MOVE D~ALT-FUCI. T FN21

~~~~~~~~~~~~~~MOVE WFUNCI4II TO11171111tPEFR )-ACTY21i.
MOVE WTIUMS(2D TO TItNTERR-.

MOVE WEUNCS; TOE IENTIFIER4.

MVITCANT*.PO

II I'll~

me CARDSNo

LF LINEEAD-. Y"IL t PFiOt

CIFIL RA FLE PEFORMEritOREA
CONTIN OUTPT. COTNWU PTPV-

FIL&I FitLF2

PERFRM E ER OR

OUTUT.OUT UTP T

FlusFILE

14OV WO -CARD TO O.2-WOK-CAR)
I ADD I A) PUNCH-CNT.

I MOVE SPACE TO PATH-COM P.

C EXIT
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Amu00 Top-DawN PArH GENERATOR

A 3C

S RAD-OR~OLMOVE F11*1 TO RU- WOVK IILE TO RElAD-
HoVytS TO US-CU? COSITUL CIL DRUM- CnOMTDI CLOS DRUM-
ADDh RU-U.1iZI. lat-IIZ. or= FILu. DSUmi-FILKSL OPEN

Um~ 11111UH-0 u. O NUTHI DRUM-FILOEN

I UTPUT 01NU-ui.og1IPU UMFI.S O

AT ZD

CARD W T To I-CRT - Y" XmINUN

MmV l TO WORK.-
CANUL CONVERT NOISTO D-CUT. WON I1-CW?.

A.S. .. I. ALPIIA StW MOVE 0 To D1-CU y To 01-CUT.
CODE TO 1.. L. D,-CuY. ADD I DI-CHT. ADO I

NUMUCWim jTO RUN-CUT. TO RUN-CM?.

CRS A=$$-C CNT Cr

No 

N

urEA HEAD)
DRUM- DRUM-

MOVE CARDl TO F1LI1 AT IILLI

TO Cl-CM?.

Tee MOVE SPACE TO WORK-CARD2. MOVE SPACE TWAVUNK-CANB1.
hIM N - Y"NO'l-11WORE-CARD2. MOVE NO0-2-11ONK-CAND L2.O iIC

3111 DYI TO WORK-CAR~l. NOVE DF TO MONK-CARDI. MO%1

CENS TO "211N11. C&ENS To. ISESI.

WVumCIII). REXAD READ
ODOTORIDC I. DRUM-

FIL~t.FILF.

MOVE Dii MOVE DFI
TO NO-11- lTON-!-

RX-CARDI RX-CARD2

CARD-NO Vc3 ARI)-NO ' ABOIIT1
02 A3ORTS 0 2

ADD ITO ADD ITO
DI-CNT. 02-CNT.

CKIiI N- CXI 0NV-

No No

JRD RoDC
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12:o.:bJ QSUR COB AS200AAS200AI COBOL UCC VERSION 3
COPPILLO ON - 21 DFC 69 AT 12:06:*3

1 IDENTIFICATION DIVISION.
2 PROGRAM-ID. AS200A.
3 AUTHOR. ROBT RITTER
4 REMARKS. FUNCTIOANAL AND SFNSITIVITY PATH GEN*i 5 ENVIRONMENT DIVISION.
b CONFIGURATION SECTION.
7 SOURCE-COMPUTER. UNIVAC-11B.
8 OBJECT-COMPUTER. UNIVAC-1108.
9 INPUT-OUTPUT SECTION.
10 FILE-CONTROL.
11 SELECT AS200-T1 ASSIGN TO UNISERVO A
12 RESERVE 2 ALTERNATE AREAS.
13 SELECT ASbOO-T2 ASSIGN TO UNISERVO Fo
14 SELECT AS200-CD ASSIGN TO CARD-READER-EIGHTY.
15 SELECT AS200-R1 ASSIGN TO PRINTER.
16 SELECT DRUM-FILEl ASSIGN TO DRUM 700000 WORDS.
17 SELECT DRUM-FILE2 ASSIGN TO DRUM 700000 WORDS.
lb nATA DIVISION.

S 19 FILE SECTION.
20 FD AS200-T1 LABEL RECORD OMITTED DATA RECORD TRI
21 BLOCK CONTAINS 40 RECORDS.
22 01 TRI.
23 02 TRiI PICTURE X(?8).
24 13 0 02 TR12 PICTURE XX.
25 13 2 02 TRI3 PIC X(28).
26 FD AS200-Rl LABEL RECORD OMITTED DATA RECORD PRINT-LINE.

27 01 PRINT-LINE PICTURE X(132).
28 FD DRUM-FILE1 LABEL RECORD OMITTED DATA RECORD DFI
Z9 BLOCK CONTAINS 40 RECORDS.
50 01 DF1 PICTURE X(108).
31 FO DRUM-FILE2 LABEL RECORD OMITTED DATA RECORD DF2
32 BLOCK CONTAINS 40 RECORDS.
,33 01 DF2 PICTURE X(108).
34 FD AS100-T2 LABEL RECORD OMITTED DATA RECORD TAPE-REC.
55 01 TAPE-REC PICTURE X(2000).
36 FD AS200-CD LABEL RECORD OMITTED DATA RECORD IS CARDl.
37 01 CARD1 PICTURE X(80),
38 WORKING-STORAGE SECTION.
39 77 SAF-Fi PIC Xe
40 1 0 77 SAF-F2 PIC Xe
'41 2 0 77 READ-CONTROL PICTURE XXXXX VALUE 'CFILEfo
42 3 0 77 PATH-CNT PICTURE 9(5) VALUE 0.
43 4 0 77 RUN-CNT PICTURE 9(5) VALUE 0.
44 5 0 77 D1"CNT PICTURE 9(5) VALUE 0.
45 6 0 77 D2-CNT PICTURE 9(5) VALUE 0.
46 7 0 77 WUC-CNT PICTURE 9(5) VALUE 0.
47 8 0 77 C1-CNT PICTURE 9(5) VALUE O.
48 9 0 77 TLLY2 PICTURE 99999.
49 i 0 77 DA-IND PICTURE 99999.
bO 11 0 77 TLLYI PICTURE 99999.

I bi 12 0 77 FALR PICTURE Xs
b2 13 0 77 CONVI PICTURE X.
b3 14 0 77 CONV2 PICTURE Xs
b4 15 0 77 CONV3 PICTURE 9V99.
55 16 0 77 Z PICTURE 99999.
b6 17 0 77 FAl PICTURE X(6).
57 18 0 77 FA2 PICTURE X.
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68 19 0 77 LOOP-CK PICTURE XXX.
59 20 0 77 PUNCH-CNT PICTURE 99999.
60 21 0 77 TLY PICTURE 99999.
61 22 0 77 ZZZ PICTURE 99999.
62 23 0 77 ANF PICTURE 99999.
b3 24 0 77 Y PICTURE 9999.
b4 25 0 77 X PICTURE 99999.
65 26 0 77 ZZ PICTURE 99999.
66 27 0 77 R PICTURE 9V99
7 28 0 77 RR PICTURE 9V9.

68 29 0 77 RRR PICTURE 9V9.
69 30 0 77 MA-IND PICTURE 99999,
70 31 0 01 INTER-CARD.
71 31 0 02 ICI PIC X(68).
72 42 2 02 IC2 PIC X OCCURS 9 TIMES.
73 42 2 02 IC21 REDEFINES IC2.
74 42 2 03 IC3 PIC V9 OCCURS 9 TIMES.
75 43 5 02 IC4 PIC X.
76 44 0 02 IC5 PIC 99.
77 45 0 01 INT-CI.
78 45 0 02 WSENSI.
79 45 0 03 WSENS PIC 9V999 OCCURS 9 TIMES.
80 51 0 01 CONTROL-CARD.
V 51 0 02 TYPE-RUN PIC X.
62 51 1 02 FILLER PIC X,
83 51 2 02 ITER-CNT PIC 99.
84 51 4 02 FILLER PIC X.
85 51 5 02 PO-CNT PIC 99.
86 52 1 02 FILLER PIC X.
87 52 2 02 PO-ALL PIC XXXO
88 52 5 02 FILLER PIC X(69)0
89 b5 0 01 DATA-ARRAY1.
90 65 0 02 DAI OCCURS 4000 TIMES.
91 65 0 03 DALPHA.
92 65 0 04 DALPHA1 PICTURE X(6).
93 66 0 04 DALPHA2 PICTURE X.
94 66 1 03 DWUC PICTURE X(7).
95 67 2 03 DDEP-FUNCo
96 67 2 04 DOEP-FUNCI PICTURE X(6).
97 68 2 04 DDEP-FUNC2 PICTURE X.
98 68 3 03 DWUC-SENS PICTURE Xe
99 68 4 03 DPH-SENS PICTURE X(9).
100 70 1 03 DK-FAC.
101 70 1 04 DK-FACI PICTURE X.
102 70 2 04 DK-FAC2 PICTURE X,
103 70 3 03 DALT-FUNC PICTURE XXXX.
104 71 1 03 OTYPE PIC X.
105 65 0 01 DATA-ARRAY2 REDEFINES DATA-ARRAYl.
106 65 0 02 DA2 OCCURS 76 TIMES PICTURE X(2000).
107 5399 0 01 WORK-CARDl.
108 5399 0 02 WFUNC1 OCCURS 8 TIMES.
109 5399 0 03 WFI.
110 5399 0 04 WF-CK1 PICTURE X.
111 5399 1 04 WF1I PICTURE XXXXX.
112 5400 0 03 WFLR PICTURE Xe
113 5408 2 O_,EXTRA-SPACE PICTURE X.
114 5408 3 02 CALT-FUNC PICTURE-XXXXXX.
115 5409 3 -0kCALT-LR PICTURE Xe
116 5409 4 02 CCFCI.
117 5409 4 03 CCON-FAC OCCURS 4 TIMES PICTURE X.
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118 5410 2 02 CSENS PIC X(36).
119 5416 2 02 PATH-COMP PICTURE X.
120 5416 3 02 CARD-NO PIC 99.
121 5416 5 02 FILLER PIC Xe
122 5417 0 /iiTMRK-CAR2.
123 5417 0 !O 2 WFUNC2 OCCURS 8 TIMES.
124 5417 0 03 WF2.
125 5417 0 04 WF-CK2 PICTURE Xe
16 58417 1 04 WF21 PICTURE XXXXX.
127 5418 0 03 WFLR2 PICTURE X.
128 5426 2 02 EXTRA-SPACE2 PICTURE X.
129 5426 3 02 CALT-FUNC2 PICTURE XXXXXX.
130 5427 3 02 CALT-LR2 PICTURE X.
131 5427 4 02 CCFC2.
132 b427 4 03 CCON-FAC2 OCCURS 4 TIMES PICTURE X.
133 5428 2 02 CSENS2 OCCURS 9 TIMES PIC 9V999.
134 5434 2 02 PATH-COMP2 PICTURE X.
135 5434 3 02 CARD-NOI PICTURE 99.
136 5434 5 02 FILLER PIC X.
137 5435 0 01o 2-WORK-CARD2.
138 5435 0 02 IDENTIFIER-1 PICTURE X(7).
139 5436 1 02 IDENTIFIER-2 PICTURE X(7).
140 5437 2 02 ADDITIONAL-PATH-DATA.

141 5437 2 03 AP PICTURE X(7) OCCURS 9 TIMES.
14? 54147 5 02 FILLER PICTURE X
143 5448 0 02 CARD-NE2 PICTURE 99.
144 5*448 2 02 FILLER PIC X(28)9
145 503 0 01 WORK-CARD99 PIC X(108)
146 5471 0 01 WORK-CARD3 P LC XC08)N
147 5489 0 01 WSENS2.
148 5489 0 02 WS2 OCCURS 9 TIMES PICTURE K.
149 5491 0 01 LOOP-LINE PICTURE X(36) VALUE
150 51491 0 1 ****THE NEXT ENTRY IS IN A LOOP'.
ibi 5497 0 01 DIAG-1 PIC X(132) VALUE
152 54197 0 ' ****SECON) ALTERNATE FUNCTION ENCOUNTERED'.
153 5497 0
154 5497 0
155 5497 0
l16 5497 0
157 5497 0
158 5497 0
159 PROCEDURE DIVISION.

161 OPEN INPUT AS200-CDo.

1b2 OPEN OUTPUT AS200-RI.
lb3 OPEN OUTPUT AS200-TI.
lb4 OPEN OUTPUY DRUM-FILEIP DRUM-FILE2.
lb5 PERFORM TAPE-INPUT.
166 MOVE 0 TO PUNCH-CNT.
167 READ AS200-CD INTO CONTROL-CARD AT END STOP RUN.
168 GO TO CARD-INPUT.
169 READ-DATA-CARDS SECTION.
170 RDC1.
171 PERFORM SHIFT-ALPHA.
172 MOVE WFI(1) TO FAl.
173 MOVE WFLR(Q) TO FALR.
174 MOVE 0 TO ANF.
175 PERFORM FIND-ALPHA.
176 IF ANF GREATER THAN 0 60 TO RDCI1.
177 PERFORM OUTPUT-SEC.
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178 ROCIl.
170 IF READ-CONTROL EQUAL 'CFILE' 60 TO CARD-INPUT.
l et IF READ-CONTROL EQUAL 'FILE1' 60 TO INPUT-FILE1.
181 IF READ-CONTROL EQUAL IFILE2' 60 TO INPUT-FILE2.
182 END-OF-CARDS.
163 MONITOR PUNCH-CNT.
164 CLOSE AS200-CDO AS200-Rl. I
185 STOP RUN.
186
lb8

190
191 OUTPUT-SEC SECTION.
192 Oslo
193 PERFORM 0S2 VARYING TALLY FROM DA-IND BY 1 UNTIL TALLY
194 GREATER THAN 4000.
19b GO TO OS-EXIT.
196 0S2.
197 IF DDEP-FUNC(TALLY) NOT EQUAL DDEP-FUNC(DA-IND)
198 60 TO OS-EXIT.
199 IF DWUC-SENS(TALLY) EQUAL SPACE PERFORM PICK-UP-INPUTS
200 ELSE PERFORM PICK-UP-WUCS.
201 OS-EXITo
202 EXIT.
203LI
205
205

206
20?
208
20q FIND-ALPHA SECTION.
210 FF1.
211 MOVE 0 TO ZZZ.
212 PERFORM FF5 VARYING TLY FROM 100 BY 100 UNTIL ZZZ
213 GREATER THAN 0.
214 IF TLY EQUAL 200 MOVE 201 TO TLY.
215 SUBTRACT 200 FROM TLY GIVING X. MOVE 0 TO Ye ZZZ.
216 PERFORM FF6 VARYING TLY FROM X BY 10 UNTIL ZZZ
217 GREATER THAN 0.
218 IF TLY LESS THAN 21 MOVE 21 TO TLY,
219 SUBTRACT 20 FROM TLY GIVING Xe MOVE 0 TO Yt ZZZ.
220 PERFORM FF7 VARYING TLY FROM X BY I UNTIL ZZZ EQUAL 999.
221 SUBTRACT 1 FROM TLY.
222 FF11.
223 MOVE TLY TO DA-IND.
224 GO TO FF-EXITo
225 FF5.
226 IF TLY GREATER THAN 4000 PERFORM ALPHA-NOT-FOUND.
227 IF ANF GREATER THAN 0 GO TO FF-EXIT* I
228 IF DDEP-FUNCI(TLY) EQUAL FAI AND DDEP-FUNC2(TLY) EQUAL FALR
22q MOVE 999 TO ZZZ.
230 IF DDEP-FUNCi(TLY) GREATER THAN FAI MOVE 999 TO ZZZ.
231 IF ODEP-FUNCI(TLY) EQUAL FAI AND DDEP-FUNC2(TLY) GREATER THAN
;d32 FALR MOVE 999 TO ZZZ.
233 IF DDEP-FUNCI(TLY) EQUAL SPACE MOVE 999 TO ZZZo234 FF6.

235 IF DDEP-FUNCI(TLY) EQUAL FAl AND DDEP-FUNC2(TLY) EQUAL FALR
236 MOVE 999 TO ZZZ.
237 IF DDEP-FUNCI(TLY) GREATER THAN FAI MOVE 999 TO ZZZ.
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238 IF DDEP-FUNCI(TLY) EQUAL FAI AND DDEP-FUNC2(TLY) GREATER THAN

E. 2.9 FALR MOVE 999 TO ZZZ.
240 IF DOEP-FUNC(TLY) EQUAL SPACE MOVE 999 TO ZZZ.
241 ADD 1 TO Ye
242 IF Y GREATER THAN 11 60 TO ALPHA-NOT-FOUND.[. 243 IF ANF GREATER THAN 0 GO TO FF-EXIT.
244 FF7.
245 IF DDEP-FUNCI(TLY) EQUAL FAl AND DDEP-FUNC2(TLY) EQUAL FALR
246 MOVE 999 TO ZZZ.
2147 ADD I TO Y9
248 IF Y GREATER THAN 11 GO TO ALPHA-NOT-FOUNDO
249 IF ANF GREATER THAN 0 GO TO FF-EXIT.
250 FF-EXIT.
2bi EXIT.
252
253

256
257

258 PICK-UP-INPUTS SECTION,
259 PUt,
2b0 IF DTYPE (TALLY) NOT EQUAL ' ' AND
2bl DTYPE (TALLY) NOT ECJAL TYPE-RUN
2b2 GO TO PU-EXIT.
263 PERFORM PU2.
264 GO TO PU-EXIT.
2b5 PU2.
266 MOVE DPH-SENS(TALLY) TO WSENS2.
267 MOVE CCFC1 TO CCFC2,
2b8 IF DK-FACI(TALLY) NOT EQUAL SPACE PERFORM SET-CON-FAC
269 THRU SET-CON-FACi.

270 PERFORM SET-ALT-FUNC9
271 MOVE DALPHA(TALLY) TO WFUNC2(1),
272 PERFORM PU-CALC VARYING TLLY2 FROM I BY 1 UNTIL TLLY2
273 GREATER THAN 99
274 MOVE WFUNC2(1) TO IDENTIFIER-I.
275 MOVE WFUNC2(2) TO IDENTIFIER-2,: 276 MOVE I TO CARD-NO1
277 MOVE 2 TO CARD-N029

278 PERFORM CHECK-FOR-LOOP.
279 IF LOOP-CK EQUAL 'YES' GO TO PU-EXIT.
280 IF RUN-CNT EQUAL PO-CNT PERFORM FINAL-OUTPUT.
281 IF PO-ALL EQUAL 'YES' PERFORM FINAL-OUTPUT.
282 IF READ-CONTROL EQUAL 'CFILEl PERFORM OUTPUT-FILE1.

, 283 IF READ-CONTROL EQUAL 'FILEI' PERFORM OUTPUT-FILE2.
284 IF READ-CONTROL EQUAL 'FILE29 PERFORM OUTPUT-FILE1.
285 ADD 1 TO ZZZt PUNCH-CNT.
286 CHECK-FOR-LOOP.
287 MOVE SPACE TO LOOP-CK.
288 IF IDENTIFIER-1 EQUAL WFUNC2(2) MOVE IYESO TO LOOP-CK.
289 IF IDENTIFIER-I EQUAL WFUNC2(3) MOVE 'YES' TO LOOP-CK.
290 IF IDENTIFIER-I EQUAL WFUNC2(3) MOVE 'YES' TO LOOP-CK.
291 IF IDENTIFIER-I EQUAL WFUNC2(5) MOVE 'YES' TO LOOP-CK.
292 IF IDENTIFIER-I EQUAL WFUNC2(6) MOVE 'YES' TO LOOP-CK.
293 IF IDENTIFIER-i EQUAL WFUNC2(7) MOVE 'YES' TO LOOP-CK.
294 IF IDENTIFIER-I EQUAL WFUNC2(8) MOVE 'YES' TO LOOP-CK.
295 IF IDENTIFIER-i EQUAL APD(3) MOVE 'YES' TO LOOP-CK.
296 IF IDENTIFIER-i EQUAL APD(3) MOVE 'YES' TO LOOP-CK.

297 IF IDENTIFIER-I EQUAL APD(5) MOVE 'YES' TO LOOP-CK.
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29f IF IDENTIFIER-1 EQUAL APD(6) MOVE 'YES' TO LOOP-CK.
29Q IF IDENTIFIER-i EQUAL APD(7) MOVE 'YES' TO LOOP-CK.
300 IF IDENTIFIER-1 EQUAL APD(8) MOVE 'YES' TO LOOP-CK.
.301 IF IDENTIFIER-i EQUAL APD(9) MOVE 'YES' TO LOOP-CK.
302 IF LOOP-CK EQUAL 'YES' WRITE PRINT-LINE FROM LOOP-LINE.
3U3 IF LOOP-CK EQUAL 'YES'
304 WRITE PRINT-LINE FROM WORK-CARD2. .1
JU5 IF LOOP-CK EQUAL 'YES'
.306 WRITE PRINT-LINE FROM NO-2-WORK-CARD2.
307 ALT-MESSAGE*
30e WRITE PRINT-LINE FROM DIAG-le
309 WRITE PRINT-LINE FROM WORK-CARD1,
310 WRITE PRINT-LINE FROM NO-2-WORK-CARD2.
311 GO TO PU-EXIT.
.31P PU-DUMBY.
313 MONITOR Y.
314 PU-EXIT.
315 EXIT.

317
318
319
320
321
322 PICK-UP-WUCS SECTION.
323 PWI.
324 MOVE CCFCI TO CCFC2.
325 MOVE WORK-CARD2 TO WORK-CARD3
326 MOVE NO-2-WORK-CARO2 TO WORK-CARD99o
327 MOVE DWUC-SENS(TALLY) TO CONV2. .
328 PERFORM CONVERSIONI.329 PERFORM SHIFT-ALPHAi.

330 MOVE DWUC(TALLY) TO WFUNC2(i).
331 MOVE DALPHA(TALLY) TO WFUNC2(2).
3.32 MOVE CALT-FUNC TO CALT-FUNC2o
333 MOVE 9*' TO PATH-COMP2.
334 PERFORM PW-CALC VARYING TLLY2 FROM I BY I UNTIL TLLY2
335 GREATER THAN 9.
336 MOVE WFUNC2(1) TO IDENTIFIER-i.
337 MOVE WFUNC2(2) TO IDENTIFIER-?.
338 MOVE I TO CARD-NOl.
339 MOVE 2 TO CARD-N02o
340 IF RUN-CNT EQUAL PO-CNT PERFORM FINAL-OUTPUT.
341 IF PO-ALL EQUAL 'YES' PERFORM FINAL-OUTPUT.
342 IF READ-CONTROL EQUAL 'CFILE9 PERFORM OUTPUT-FILE1.
343 IF READ-CONTROL EQUAL IFILEII PERFORM OUTPUT-FILE2.
344 IF READ-CONTROL EQUAL tFILE29 PERFORM OUTPUT-FILEi.
345 MOVE WORK-CARD3 TO WORK-CARD2s
346 MOVE WORK-CARD99 TO NO-2-WORK-CARD2.
347 ADD 1 TO PUNCH-CNT.
348 MOVE SPACE TO PATH-COMP2,
34q
350

352
353

355
3b6
3b7
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.b8i TAPE-INPUT SECTION.
3b9 TMl.
30n OPEN INPUT ASIOO-T2,
361 PERFORM TI2 VARYING TALLY FROM 1 BY I UNTIL
562 TALLY GREATER THAN 74.
363 CLOSE ASIOO-T2.
3b4 60 TO TI-EXIT.
3b5 T12.
3b6 READ ASIOO-T2 AT END 60 TO TI-EXIT.
367 MOVE TAPE-REC TO DA2(TALLY),
.08 TI-EXIT.
3b9 EXIT.
370
371
372
373
374
375

376 CARD-INPUT SECTION.
377 CSI.
378 IF CI-CNT NOT EQUAL 0 60 TO CS2.
379 MONITOR READ-CONTROL.
380 MOVE 999 TO 02-CNT.
381 ADD I TO RUN-CNTo
362 CS2o
383 READ AS200-CD INTO INTER-CARD AT END GO TO INPUT-FILEle
364 MOVE SPACE TO WORK-CARD2.
385 MOVE SPACE TO NO-2-WORK-CARD2.
386 MOVE ICI TO WORK-CARD1.
387 IF 1C2(1) = *At MOVE I TO WSENS(1) ELSE MOVE IC3(1) TO
388 WSENS(I).
389 IF 1C2(2) = At' MOVE I TO WSENS(2) ELSE MOVE IC3(2) TO
390 WSENS(2).
391 IF IC2(3) = 'At MOVE I TO WSENS(3) ELSE MOVE IC3(3) TO
392 WSENS(3).
393 IF IC2(4) = 'At MOVE I TO WSENS(4) ELSE MOVE IC3(4) TO
394 WSENS(4).
395 IF IC2(5) = 'At MOVE I TO WSENS(5) ELSE MOVE 1C3(5) TO
396 WSENS(5).
397 IF 1C2(6) = 'At MOVE I TO WSENS(6) ELSE MOVE IC3(6) TO
398 WSENS(6).
399 IF IC2(7) = 'At MOVE I TO WSENS(7) ELSE MOVE IC3(7) TO
400 WSENS(7).
401 IF IC2(8) = 'A' MOVE I TO WSENS(8) ELSE MOVE IC3(8) TO

402 WSENS(8).
403 IF IC2(9) = tA' MOVE 1 TO WSENS(9) ELSE MOVE IC3(9) TO

j4U4 WSENS(9)9
405 MOVE IC4 TO PATH-COMP.
40b MOVE ,C5 TO CARD-NO.
407 MOVE INT-Ci TO CSENS.V 408 MOVE SPACE TO CCFC2,
409 READ AS200-CD AT END GO TO END-0F-CARDS.
4110 MOVE CARDI TO NO-2-WORK-CARV2.
411 ADD I TO C1-CNT.I 412 IF WF-CKI(1) NUMERIC 60 TO CARD-INPUT.
413 CS-EXIT,

414 MONITOR WFIJNCI(I).
415 60 TO RDCl.
416 INPUT-FILE1 SECTION.
417 IF11.
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418 IF D1-CNT NOT EQUAL 0 60 TO IF12.
419 MOVE 'FILEl' TO READ-CONTROL.
420 MONITOR READ-CONTROL.
421 CLOSE DRUPI-FILE1P DRUM-FILE2o
422 OPLN INPUT DRU*oFILEI, OPEN OUTPUT DRUt4-FILE2.
423 IF D2-CNT EQUAL 0 60 TO END-RUN.
424 MONITOR D2-CNT.
425 MOVE 0 TO 01-CNTe 02-CNT.
4k6 ADD I TO RUN-CNT.
427 IF RUN-CNT GREATER THAN ITER-CNT GO TO ABORT9.
428 1F12.
4ie9 READ DRUM-FILEI AT END 60 TO INPUT-FILE2.
430 MOVE SPACE TO WORK-CARD2t NO-2-WORK-CAho2.
531 MOVE DF1 TO WORK-CARDl.
432 MOVE CCFC1 TO CCFC2.
4533 MOVE CSENS TO WSENS1.
'4.54 READ DRUM-FILEI AT END GO TO INPUT-FILE2.
'435 MOVE OFI TO NO-2-WORK-CARD2.
'436 IF CARD-N02 NOT EQUAL 2 60 TO AFBORT5.
'4.57 ADD 1 TO D-CNTo
458 IF WF-CKI(I) NUMERIC GO TO INPUT-FILEl.
43Q IFI-EXir.
440 GO TO RDC1.
441 INPUT'FILE2 SECTION.
'442 IF21o
443 IF D2-CNT NOT EQUAL 0 GO TO IF22.
444 MOVE 'FILE2' TO READ-CONTROL.
445 MONITOR READ-CONTROL.
446 CLOSE DRUM-FILElt DRUM-FILE2.
447 OPEN INPUT DRUM-FILE2. OPEN OUTPUT DRUM-FILEI.
4AR IF D1-CNT EQUAL 0 GO TO END-RUN.
44q MONITOR D1-CNT.
4b0 MOVE 0 TO D1-CNTe D2-CNT.
451 ADD I TO RUN-CNT.
4542 IF RUN-CNT GREATER THAN ITER-CNT GO TO ABORT9.
4b3 IF22.
4b4 READ DRUM-FILE2 AT END GO TO INPUT-FILEI.
455 MOVE SPACE TO WORK-CAR02# NO-2-WORK-CARD2.
4b6 MOVE DF2 TO WORK-CARDI.
4b7 MOVE CCFC1 TO CCFC2.
456 MOVE CSENS TO WSENS1.
459 READ DRUM-FILE2 AT END GO TO INPUT-FILEI.
4bO MOVE DF2 TO NO-2-WORK-CARD2.
4ul IF CARD-N02 NOT EQUAL 2 60 TO ABORT5.
4b2 ADD 1 TO D2-CNT.
463 IF WF-CKI(1) NUMERIC GO TO INPUT-FILE2.
4b4 IF2-EXIT.
465 GO TO RDCI.
4b6 SET-ALT-FUNC SECTION.
467 SAFI.
4b8 IF DALT-FUNC(TALLY) = SPACE
469 MOVE CALT-FUNC TO CALT-FUNC2
47P GO TO SAF-EXIT.
471 PERFORM SET-SAF-FLAGS.
472 IF SAF-Fl = 'K' AND SAF-F2 = 'Kt Go TO ALT-MESSAGE.
473 IF SAF-Fl = 'K' MOVE DALT-FUNC(TALLY) TO
474 CALT-FUNC2 GO TO SAF-EXIT.
475 IF CALT-FUNC = SPACE MOVE DALT-FUNC(TALLY) TO
476 CALT-FUNC2 ELSE MOVE CALT-FUNC TO CALT-FUNC2.
477 Go TO SAF-EXIT.
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478 StET-SAF-FLAGSo

'.79 M4OVE SPACE TO SAF-FI. SAP-Pa. -AC(ALY K

480 1 ~ OK-PACI(TALLY) Z OKI OR DKFC(ALY 
K

481 MOVE OKI TO SAP-Fl.
482 IF CCON-FAC(1 = 'K' OR

483 CCON-FAC(2) = 'K' OR
463 CCONPFAC(3) 2 'K' OR

484CCON'PAC'4 = OK'
465 MOVE KI To SAFF2 9

467 SAF-EX Ii.

490 OUTPUTPFILElo

491WHITE DPI FROM WORK-CAR02oI492 WRITE DPI ROM NO.2WORKCARD2*
492 WRITE TRI PROM WORK-CARO2*
493 WRITE TRI FROM NO2WORKCAR2o

495 ADD I TO PATH-CNT*

496 ouTPUT-FILE2o

497 WRITE DF2 FROM WORK-CARD2.

498 WHITE 0F2 FROM NO-2WORK-CARD2o

499 WRITE TRI FROM WORK-CARD2s

b 50 WRITE TRI FROM NO-2-WORK-CARD2*

5Iu1 ADD I~ TO PATH-CNT,

502 FINAL-OUTPUT,

503 WRITE PRINT-LINE FROM WORK-CARD2.

50O4  WRITE PRINT-LINE FROM NO-2-WORK-CARD2o

b05 ABORT9*
b06 MONITOR RUN-CNTe PATH-CNT.

50 GO TO END-RUN.
boR AtORTb.

b09 MONITOR CARDl.

510 CLOSE AS200-Tlo

511 STOP RUN.

b12 ALPHA-NOTPFOUND*

513 MOVE 99 TO ANF.

514 MONITOR PAl.

515 GO TO PP-EXIT.

Sbb SHIFT-ALPHA.

b17 MOVE APO(S) TO APD(9)o

518 MOVE APD(7) TO APO(B).

519 MOVE APD(6) TO APO(7).

520 MOVE APD(5) TO APO(6).

521 MOVE APD(4) TO APD(5)o

b22 MOVE APD(3 TO APD(4).

r523 M4OVE APDt2) TO APD(3)s

bZ'4 MOVE APO(l) (0 APD(2)s

525 MOVE WFUNCI(B) TO APOII).

526 MOVE WFUNCI(7) TO WFUNC2(8)s

b 27 MOVE WFUNCI(b) TO WFUNC2(7).

5b28 MOVE WFUNCI(5) TO WFUNC2(6)o

b2q MOVE WPUNC1(4) TO wFUNC2(5).

b~o MOVE WFUNCI(3) TO WFUNC2(4)o

S51 MOVE WFUNCI(?) TO WFUNC2(3)9

j53~2 MOVE WFUNC1I) TO WFUNC2(2)9

b.33 SHIFT-ALPHA19

b34 MOVE APO(8) TO APO(9).

b35' MOVE APD(7) TO APD(B.

b36 MOVE APD(6) TO APDt?).

537 MOVE APO(5) 10 APD(6)s
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MOVE APO(W) TO APD(5).
539 MOVE APD(3) TO APD(4).
b40 MOVE APD(2) TO APO(3).
b41 MOVE APD(I) TO APD(2).
542 MOVE WFUNC2(8) TO APO(1).
b43 MOVE WFU!C2(7) TO WFUNC2(S).
b44 MOVE WFUNC2(6) TO WFUNC2(7).
)45 MOVE WFUNC2(5) TO WFUNC2(6).
b46 MOVE WFUNC2(4) TO WFUNC2(5).
be4? MOVE WFUNC2(3) TO WFUNC2(4),
b48 MOVE WFUNC2(2) TO WFUNC2(3)o
549 SET-CON-FAC.
5b5 IF CCON-FAC(1) EQUAL SPACE MOVE OK-FAC(TALLY) TO
bbi CCON-FAC2(1) GO TO SET-CON-FACI.
562 IF CCON-FAC(2) EQUAL SPACE MOVE OK-FAC(TALLY) TO
bb3 CCON-FAC2(2) GO TO SET-CON-FACl,
b54 IF CCON-FAC(3) EQUAL SPACE MOVE DK-FAC(TALLY) TO
566 CCON-FAC2(3) 60 TO SET-CON-FACI.
5b6 IF CCON-FAC(4) EQUAL SPACE MOVE DK-FAC(TALLY) TO
557 CCON-FAC2(4) 60 TO SET-CON-FACd.
bbO IF DK-FAC2(TALLY) = SPACE 60 TO SET-CON-FACl.
559 IF CCON-FAC(2) = SPACE MOVE DK-FAC2(TALLY) TO CCON-FAC2(2)
bOO GO TO SET-CON-FACl.
561 IF CCON-FAC(3) = SPACE MOVE DK-FAC2(TALLY) TO CCON-FAC2(3)
b62 60 TO SET-CON-FACi.
563 IF CCON-FAC(4) = SPACE MOVE DK-FAC2(TALLY) TO CCON-FAC2(4)
bb4 60 TO SET-CON-FACl,
5o5 SET-CON-FACl.
5b6 EXIT.
bb7 PtI-CALC.
bb8 MOVE WS2(TLLY2) TO CONV2.
b69 PERFORM CONVERSIONI,
b70 COMPUTE CSENS2(TLLY2) ROUNDED = WSENS (TLLY2) * R
571 ON SIZE ERROR MOVE I TO CSENS2(TLLY2).
572 PW-CALC.
b73 COMPUTE CSENS2(TLLY2) ROUNDED = WSENS (TLLY2) * R
b74 ON SIZE ERROR MOVE I TO CSENS2(TLLY2).
575 CONVERSION1.
576 IF CONV2 EQUAL 'A' MOVE I TO R.
577 XF CONV2 EQUAL '1' MOVE .1 TO Re
578 IF CONV2 EQUAL '2' MOVE .2 TO R.
579 IF CONV2 EQUAL '3' MOVE .3 TO R.
580 IF CONV2 EQUAL 04' MOVE .4 TO Re
581 IF CONV2 EQUAL '5' MOVE 5 TO Re
582 IF CONV2 EQUAL '6t MOVE *6 TO Re
583 IF CONV2 EQUAL '7' MOVE s7 TO R.
564 IF CONV2 EQUAL '8' MOVE .8 TO R.
565 IF CONV2 EQUAL '9' MOVE .9 TO R.
b86 IF CONV2 EQUAL '0' MOVE .0 TO R.
b0 IF CONVI : '0' MOVE .0 TO RR.
bb8 EOF-ON-TAPE.
b89 CLOSE AS200-TI WITH NO REWIND.
b9O OPEN OUTPUT AS200-T1 WITH NO REWIND*
591 MONITOR RUN-CNT.
592 END-RUN,
593 MONITOR PATH-CNT,
594 CLOSE AS2OO-TI AS200-RI.
595 STOP RUN.
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i I AS0M
CRO S S R IF 110 14C t L IS T

c i 5i L02ASIO0-T2 0013 O33408U36 AS&tO-oCD 0014 0036
nuib ASIVO-l ots 0026

015o AS00-TI 0011 0020iul 00AM- ILEI 1 0M1 0020

O, ORUM,.FILEZ 0017 0031Iob0q *ASORTb OF "ISC 0437 O04"
0506 *ARORTQ OF NISC 0117 0452
Ob13 $ALPHA-NOT-FOUNO OF MISC 0RV 0227 0227 0243 029

01U08 *ALT-MESSAGE OF PICK- 00?2

,1371, *CARD-INPUT 0168 179 0412
11267 *CHECK-FOR-LOOP OF PICK- 0278 0278 0278
076 *CONVERSIONI OF MISC 032 0326 0326 oS69 OS69 0569
n#614 $CS-EXIT OF CARD-
0378 $C51 OF CARD-.
41363 *CS2 OF CARD-. 03780183 *ENO-CARDS OF READ- 0410

05V3 *END-RUN OF MISC 043 040 0507

089 SEOF-ON-TAPE OF MISC
n251 eFF-EXIT OF FIND- 022* 022? 0213 02*9 0251 0515
0,11 OFFI OF FINO-
414 3 *FFII OF FIND-
112'eh *FFS OF FINI- 0214 0214 0214
n235 *FF6 OF FIND- 0218 0218 0218
0245 *FF7 OF FIND- 0221 0221 0221
05U3 *FINAL-OUTPUT OF MISC 0260 0260 0260 0261 0281 0261 0340 0340 0340 0341

0341 0341
I oeal *FINO-ALPHA 0176 0176 0176
0440 *IFI-IT OF INPUT
f(.4L 81F11 OF INPUl
(1449 *IF12 OF INPUT 0118

04t5 *IF2-EXIT OF INPUT
1)443 *IF21 OF INPUT
P4b4 $IF22 OF INPUT 0443
It41A *INPUT-FILEI 0383 0454 0*59 0160 0436

"4463 *INPUT-FILE2 0429 0434 0181 0463
491 'MISC

Reu2 'Ob-EXIT OF OUTPU 0195 0198 0202
'11Y3 '051 OF OUTPU
117 '052 OF OUTPU 0195 0195 0195
A491 OOUTPUT-F!LEI OF MISC 022 0282 0282 0284 0264 0264 0342 03*2 03*2 03*4

, u344 0344

14Y7 *OUTPUI-FILE2 OF MISC 0283 0283 0263 03*3 0343 0343
1103 *OUTPUT-SEC 0178 0176 0178
0200 *PICK-UpoINPUTS 0200 0200 0200
0., 'PICK-LIP-WICS 0200 0200 0200
Vbb OPU-CALC OF MISC 0274 0274 027*
.13 *PU-DUMBY OF PICK-

OA15 *PU-EXIT OF PICK- 0262 026* 0280 0312 0315
(62uf 'PUI OF PICK-
lt, PU2 OF PICK- 0263 0263 0263
01)73 *PW-CALC OF MISC 0336 0336 0336
03241 OPWI OF PICK-
0100 sPO OF SSAAB
1171 'ROCI OF READ- 0415 0440 0465
n17) 'RDCII OF READ- 0176
0171 'READ-DATA-CARDS
04ti *SAF-EXIT OF SET-A 0*70 0475 0477 0468
(14b *SAFI OF SET-A

(144.A SET-ALT-FUNC 0270 0270 0270
156b 'SET-CON-FtC OF NISC 0269

'1 6 *SET-CON-FACI OF MISC 0269 0269 05Su 0553 05b5 0557 0558 0560 0562 0964
0566

1479 $51T-SAF-FLAGS OF SET-A 0471 0471 0471
OblI7 'SHIFT-ALPHA OF MISC 0171 0171 0171
0lb14 *SIIIFT-ALPHAI OF MISC 0329 0329 0329
i13oO 'TAPE-INPUT 0166 0166 0166
0364q *TI-EXIT OF TAPE- 0366 036* 0369
nlau 'T1I OF TAPE-

'36 1T12 OF TAPE- 0363 0363 0363
440 ADDITIONAL-PATH-DATA OF NO-2-

nob? ANF OF wORKI 017* 0176 0227 02*3 02*9 0513
0141 APD OF ADDIT 0295 0296 0297 0296 0299 0300 0301 0517 0517 0518 0516 0519

0519 0520 0520 0521 0521 0522 0522 0523 0523 052* 052* 0526 0534 053* 0535
0535 0536 0536 0537 0537 0538 0536 0539 0539 05*0 0540 0541 05*1 0543

0034 AS1O0-T2 0360 0363 0366
00 AS200-CD 0161 0167 0167 0185 0383 0383 0409
O*U26 A5200-RI 0162 0185 0594
flo00 A5200-T1 0163 0510 0569 0590 059*
0114 CALToFUNC OF WORK- 0332 0470 0*75 0476
n129 CALT-FUNC2 OF WORK- 0332 0470 0474 0*76 0476
011, CALT-LR OF WORK-
0130 CALT-LH2 OF WORK-
nl.0 CARD-NO OF WORK- 0406
nl3b CARD-N0l OF WORK- 0277 0339
0143 CARD-N02 OF NO-2- 0278 0340 0436 0*61
1UU7 CAROl OF A5200 0*11 0509
n011 CCFC1 OF WORK- 0267 0324 0432 0457
n01l CCFC2 OF WORK- 0267 0324 0408 0432 0457
n117 CCON-FAC OF CCFC1 0*62 0*63 046* 0*65 0550 0552 0554 0556 0559 0561 0563
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0132 CO-FAC OF CCFC2 on& 6n 666 616 04 IM 664m
080 €ONTIM-cIU OF auKI U$M
002 CONVI OF WOWIK 0587
fl0b3 CONV2 OF WORKI 0127 010 0576 0577 8 0657 0560 06 1 0GU 2 053 5 SM 0565

0546
oob CO4V3 OF WOWI!
oi6 CIENS OF WORK- 0407 0433 64560133 ¢SE.NZ OF WORK- 05?0 0571 0573 0740047 Cl'CNT OF WORK1 0376 0411

0091 DALPHA OF DAI 0271 0331
0092 OALPAl OF DALPH

A093 DLPAZ OF DALPH
0103 DALT-FUNC OF DAI 0469 0474 0476
(l09 DATA-ARRAYI OF WORK!
Pl5 DATA-ARRAT2 OF WORK!
0044 DA-IN OF WORK! 0193 0196 0224
090 DA1 OF DATA-

OlO& DA2 OF DATA- 0367
lO9S fDlEPFUNC OF DAI 0198 0198 0240

0096 DOEP-FUNCL OF DOEP- 0228 0230 0231 0233 0235 0237 0236 0245
0097 DOEP-FUMC2 OF DOEP- 0229 0232 0236 0239 0246
0033 DF2 OF DRUM- 0431 0435 0491 0491 0492 0493
0033 OF2 OF DRUM- 0456 0460 0491 0497 0492 0493
0151 DIAT-1 OF WORKI 0306
0100 DK-FAC OF DA1 05SI 0553 0555 055?

OlOl OK-FACI OF DK-FA 0268 0480

n102 OK-FAC2 OF DK-FA 0480 0558 0559 0561 0563
C099 DPH-SENS OF 0Al 0267
00e nRUM-FILEI 0164 0421 0422 0429 0434 0446 0447
0031 DRUM-FILE2 0164 0421 0422 0446 0447 0454 0459
01f4 ITYPE OF DAI 0260 0262
0094 OWUC OF DAI 0330
0098 DWUC-SENS OF UAI 0199 0327
0044 DI-CNT OF WORKI 0418 0426 0437 0448 0449 0451
0045 D2-CNT OF wORKI 0381 0423 0424 0426 0443 0451 0462
0113 EXTRA-SPACE OF WORK-
0128 EXTRA-SPACE2 OF WORK-
0061 FALR OF WORK! 0173 0229 0232 0236 0239 0246
0066 FAI OF wORK! 0173 0228 0230 0231 0235 0237 0238 0245 0514
0067 FA2 OF WORKI
0071 ICI OF INTER 0366
0072 IC2 OF INTER 0387 0389 0391 0393 0395 0397 0399 0401 0403
0073 IC2) OF INTER
0074 IC3 OF 1C21 0388 0390 0392 0394 0396 0398 0400 0402 0404
0075 IC4 OF INTER 0405
0076 IC5 OF INTER 0406
0130 IDE14TIFIER-1 OF NO-2- 0275 0288 0269 0290 0291 0292 0293 0294 0295 0296

0237 0296 0299 0300 0301 0337
0139 IDENTIFIER-2 OF NO-2- 0276 0338
0070 INTER-CARD OF WORKI 0383
0077 INT-CI OF WORK! 0407O063 ITER-CNT OF CONTR 0427 0452
nlb" LOOP-CK OF WORK! 0279 0287 0?89 0290 0291 0292 0293 0294 0295 02%6 0247

0298 0299 0300 0301 0302 0302 0303 0305014; LOOP-LINE OF WORKI 0303
not9 MA-1 NU OF WORKI

0137 NO-A-WORK-CARO2 OF WORKI 0306 0310 0326 0346 0385 0411 0430 0435 0455 0460
0493 0494 0499 0500 0504

11042 PATH-CNT OF WORKI 0495 0501 0506 0593
0119 PATH-CONP OF WORK- 0405
0134 PATH-COMP2 OF WORK- 0333 0349
007 PO-ALl OF CONTR 0201 034105PO-CN7 OF CONTR 0200 0340
6027 PRINT-LINE OF AS200 0302 0303 0304 0304 0306 0306 0308 0308 0309 0309 0310

0310 0503 0503 0504 0504
0059 PUNCH-CNT OF WORK! 0166 0183 0285 0348
fOoS R0 OF WORKI 0571 0574 0577 0577 0576 0579 0580 0581 0562 0583 0564 0585

0041 READ-CONTROL OF WORKI 0179 0180 0161 0282 0283 0284 0342 0343 0344 0470
0419 0420 0444 0445

n
0

7 RR OP wORKI 0587
ObA RRR OF WORKI
0043 RUN-CNT OF WORKI 0260 0340 0361 0426 0427 0451 0452 0506 0591
n039 SAF-Fl OF WORKI 0472 0473 0479 0461
no4o SAF-F2 OF WORKI 0472 0479 0486

0331 0361 0363 0361 0367 0469 0474 0476 0480 0480 0551 0553 0555 0557 0558
0559 0561 0563

0035 TAPE-EC OF ASIO 0367
0050 TLLYI OF WORKI
0048 TLLY2 OF WORK! 0272 0274 0272 0334 0336 0334 0566 0570 0570 0571 0573 0573

0574
00b0 TLY OF WORK! 0212 .412 0214 0214 0215 0216 0216 0218 0218 0219 0220 0220

0221 0224 0226 0216 0229 0230 0231 0232 0233 0235 0236 0237 0236 0239 0240
024. 0246

0022 TRI OF ASOO 0493 0493 0494 0494 0499 049 0500 0500
0023 TIl OP TB
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010 WF12 OF 7 0I
Ouas TR13 OF TR1
0os TYPE-RUN OF ONTR 0O"

01.. WFLR OF WFUNC 0173
oIOP WFuOI OF 0414 1152S 026 OS27 0528 S2 05 30 0S31 OS32t10I WFUNC2 OF WOM- 031 075 0276 028" 0" 0290 0"1 052 063 056 0330

0331 033? 033 0526C2 O0 308 032 05 053 0531 oS3 0489 0S43 0843 084 0500545 0545 0546 0546 054? 0547 0544 0S48
0110 rWOCKC OF WFI 0412 03 W63
0O 

RK-CCK2 OF wF21lo eFI OF wFUNC 0173
all, tWrll OF WF1

O0 0F2 OF FUNC
0n21, NF2, OF WF2

o107 O6K-,ARDl OF W ORKI 0309 03 031 04S6Oi ld.? WOR1K-CARD2 OF WORKI 0304 0325 0345 0385 0430 0455 0491 01193 0497 O04" 00%

WORK-CAR3 OF WORKI 0325 0345
145 wORK-CAR OF OF ORKI1 0326 006

no19 WSENS OF wSEN 0387 0219 0389 0390 0291 0392 031 03 0395 0396 0397 039303"9 0400 0401 5402 0403 0404 0571 0574
07pSENSI OF INT-C 0433 0450

-j17 ZSENS2 OF WORKI 0267"14o W52 OF wSENS 0569

00,66 WUC-CNT OF vORKI
OUo4 x OF wORKI 0215 0216 0219 0220
O- ou3 Y OF WORKI 0216 0219 0241 0242 024? 0248 0313

f'ubs z OF WORKISnuol zz OF WORKI

00ol ZZZ OF WORKI 0211 0214 0216 0218 02:9 0221 0229 0230 0233 0233 0236 0237
0240 0240 0246 0285

PRJi, bb3 SIGh PRESENT ON FIELD SHOULD dE POSITIVE
AERROK Obol SIGN PRESENT ON FIELD SHOULD BE POSITIVE

ERROR 0559 SIGN PRESENT ON FIELD SHOULD BE POSITIVE
. ERRN ObbP SIGN PRESENT ON FIELD SHOULD SE POSITIVE

FRRoR Obb7 SIGN PRESENT ON FIELD SHOULD BiE POSITIVE
rpPOo nbb5 SIGN PRESENT ON FIELD SHOULD BE POSITIVE
EpPoR "!)s3 SlbN PRESENT ON FIELD SHOULD BE POSITIVE
fHpui 055b SIGN PRESENI ON FIELD SHOULD BE POSITIVE
FRP)IQ fln0b SIGN PRESENT ON FIELD SHOULD BE POSITIVE
ERROR 0461 SIGN PRESENT ON FIELD SOULD BE POSITIVE
eProH 0876 SIGN PRESENT ON FIELD SHOULD BE POSITIVE
EkROM 0874 SIGN PRESENT ON FIELD SHOULD BE POSITIVE
ERROR 04b9 SIGN PRESENT ON FIELD SHOULD BE POSITIVE
ERROR 03b7 SIGN PRESENT ON FIELD SHOULD BE POSITIVE
ERROR 0331 SIGN PRESENT ON FIELD SHOULD BE POSITIVE
ERROR n330 SIGN PRESENT ON FIELD SHOULD BE POSITIVE
ERPo 03e7 SIGN PRESENT ON FIELD SHOULD BE POSITIVE
SFltul 0271 SIGN PRESENT ON FIELD SHOULD BE POSITIVE
ERRJR 0&A SIGN PRESENT ON FIELD SHOULD BE POSITIVE
ERROk n267 SIGN PRESENT ON FIELD SHOULD BE POSITIVE

• ERROR 
0
2b2 SIGN PRESENT ON FIELD SHOULD BE POSITIVE

ERPOk O2M2 SIGN PRESENT ON FIELD SHOULD HE POSITIVE
ERRuk 021Q NO ON SIZE ERROR* OVERFLOW POSSIBLE
ERFOR 0215 NO ON SIZE ERROR. OVERFLOW POSSIBLE
FPRuR P199 SIGN PRESENT ON FIELD SHOULD BE POSITIVE
FRROR n198 SIGN PRFSENT ON FI-D SHOULD BE POSITIVE

.

B-2"2



PROGRAM: ASOOA

bet AS200-T1 (Path/sensitivity tape)

Iupt AS3OO-T1 (Sorted pathsensftivity tape)

Purpose:Sort the path/sensitivity tap (A8200-TI) from AS200A by WUC,
ALPHA-DESIG, K-FACTORS. If this is a functional pah tape,

this is the final output.
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ASOOA

1'5:4U:3? P14UF COP AS300APAS30A
UCC ColfL VERSTOt 3.OLA
CO4PPILLJ uN - 11 JAN 70 AT 1b:40:39

1 IDENTIFICATION DIVISION.
2 PROGRAN-ID* AS300A.
3 AUTHOP. ROBT RITTER.
4 REMANKS. SORT PATH TAPE DROPPING 2 CARDS.
5 FNVIRONMENT DIVISION.
b CONFIGURATION SECTION.
7 SOURCE-COMPUTER. UNIVAC-1108.
s OBJECT-COMPUTER. UNIVAC-h108.

INPUT-OUTPUT SECTION.
10 FILE-CONTROL.
11 SELECT AS300-CD ASSIGN TO CARD-READER-EIGHTY.
12 SELECT AS200-T1 ASSIGN TO UNISERVO H
13 RESERVE 2 ALTERNATE AREAS.
14 SELECT AS300-R1 ASSIGN TO PRINTER.
15 SELECT AS300-TI ASSIGN TO UNISERVO F
16 RESERVE , ALTERNATE AREAS.
17 SELECT FSORT ASSIGN TO DRUM 1500000 WORDS.
In DATA DIVISION.
19 FILE SECTION.

FD AS200-TI LABEL RECORD OMITTED DATA RECORD TR2
21 BLOCK CONTAINS 40 RECORDS.
&2 01 TRZ.
23 02 T-WUC.
.i4 03 TI PICTURE X.

e5 U 1 03 Til PICTURE XXXXXX.
46 i 1 02 T-WUCALPHA PICTURE X(7).
27 2 2 02 FILLER PIC X(42).
48 9 2 b2 TALT PIC X(b).
29 1U 4 02 TK-FAC PlC XXXX.
.30 11 2 02 TPH-SENS PIC X(36).
31 17 2 02 FILLER PICTURE X.
32 17 3 02 T3 PICTURE 99.
33 17 5 02 FILLER PIC X.
J4 FO AS300-CO LABEL RECORD OMITTED DATA RECORD CARDI CARD2.
3" 01 CARDI.
ab 02 Cl PICTURE X(7).
37 1 1 02 C2 PICTURE X(7).
38 2 2 02 C3 PICTURE X(66).
39 01 CARD2.
40 02 C4 PICTURE XXXX.
41 U 4 02 FILLER PICTURE XXXXX.
42 1 3 02 C5 PICTURE XXXXXXX.
43 ? 4 02 FILLER PICTURE XXXXX.
1+4 3 3 02 C7 PICTURE XXXX.
45 4 1 02 FILLER PICTURE X(53).
46 13 0 02 C9 PICTURE XX.
47 Fo AS300-Ti LABEL RECORD OMITTED DATA RECORD RECI

I BLOCK CONTAINS 40 RECORDS.
49 01 RECI PICTURE X(80).
bO FD AS300-R1 LABEL RECORD OMITTED DATA RECORD PRINT-LINE.
bi 01 PRINT-LINE PICTURE X(132).

SD FSORT FILE CONTAINS ABOUT 60000 RECORDS DATA RECORD FSORT1
b3 01 FSORTI.
54 02 Fl PICTURE X(7).
5 1 1 02 F2 PICTURE X(7).

56 2 2 02 F3 PICTURE XXXX.
b7 3 0 02 F4 PIC X(36).
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be 9 0 02 F5 PICTURE XXXX.
&9 9 • 02 F6 PICTURE XX*
60 10 0 02 F? PIC X(8).
b1 10 0 WORKING-STORAGE SECTION.
02 77 REC'CNT PICTURE 99999.
63 1 0 77 P-CNT PICTURE 99.
6* 2 0 77 T-CNT PICTURE 99999999.
6 2 0 PROCEDURE DIVISION.
66 POO
67 OPEN INPUT AS300-CD.
be OPEN OUTPUT AS300-TI
b9 OPEN OUTPUT AS300-Rlo
70 OPEN INPUT AS200-T1,
71 MOVE 0 TO REC-CNT,
?72 MOVE 0 TO P-CNT,
73 MOVE 0 TO T-CNT#
74 SORT FSORT ON ASCENDING KEY Fl, F2r F5 F7 INPUT PROCEDURE IS
75 IN- EC OUTPUT PROCEDURE IS OUT-SEC,
76 MONITOR RECI.
77 CLOSE AS300-TI AS300-CD AS300-RI AS200-Tl,
78 MONITOR REC-CNT.
79 STOP RUN.
80 IN-SEC SECTION.1. 81 I5le

62 ADD I TO REC-CNT.
83 MOVE SPACE TO FSORTIo
84 READ AS300-CD AT END GO TO READ-TAPE.
5 IF C4 EQUAL 9AFPHI GO TO FAILURE-CARD,
86 GO TO ISl.
87 FAILURE-CARD.
88 MOVE C5 TO Flo
9 MOVE' C7 TO F3.
90 MOVE C9 TO Fbs
91 RELEASE FSORTI1
9? GO TO ISI,
93 READ-TAPE.
94 READ AS200-T1 AT END GO TO IS-EXIT.
95 IF T3 NOT EQUAL 01 GO TO READ-TAPE.
96 MOVE T-WUC TO Fl.
97 MOVE T-WUCALPHA TO F2.
98 MOVE TK-FAC TO F5,
99 MOVE TPH-SENS TO F4,
100 MOVE TALT TO F7.
101 RELEASE FSORT1.
102 ADD I TO T-CNT.
103 ADD I TO REC-CNTo
104 GO TO READ-TAPE.
105 IS-EXIT.
106 EXIT.
107 OUT-SEC SECTION.
108 Osl1
109 RETURN FSORT RECORD AT END GO TO OS-EXIT.
110 MOVE FSORTI TO REC1,
111 WRITE RECI,T 112 ADD I TO P-CMT,

1- 113 IF P-CNT LESS THAN 5
114 WRITE PRINT-LINE FROM FSORTI,
115 GO TO Os1
116 OS-EXIT.
117 EXIT.
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CROSS REFERENCE LIST

0u20 AS200-T1 0012 0020
0034 AS300-CD 0011 0034,
0060 AS300-RI 0014 0050
0047 AS300-TI 0015 0047
00b2 FSORT 0017 0052
0088 *FAILURE-CARD OF IN-SE 0085
0082 *IN-SEC 0075 0075 0075
0106 *IS-EXIT OF IN-SE 0095 0106
0082 *15 OF IN-SE 0086 0092
0117 *OS-EXIT OF OUT-S 0109 0117
0109 *OS1 OF OUT-S 0115
0109 *OUT-SEC 0075 0075 0075
0066 *PO OF SSAAB
0094 *READ-TAPE OF IN-SE 0085 0095 0104
0020 AS200-T1 0070 0077 0094
0034 AS300-CD 0067 0077 0084
00bO AS300-R1 0069 0077
0047 AS5300-T1 0068 0077
0035 CAROl OF AS300
0039 CARD2 OF AS300
0036 Cl OF CAROl
0037 C2 OF CAR0l
0038 C3 OF CARDI
0040 C4 OF CARD2 0085
0042 C5 OF CARD2 0088
0044 C7 OF CARD2 0089
0046 C9 OF CARD2 0090
0052 FSORT 0074 0075 0075 0109
0053 FSORT1 OF FSORT 0083 0091 0101 0110 0114
0054 Fl OF FSORT 0074 0088 0096
0055 F2 OF FSORT 0074 0097
00b6 F3 OF FSORT 0089
OW7 F4 OF FSORT 0099
0068 F5 OF FSORT 0074 0098
00b9 F6 OF FSORT 0090
00bO F7 OF FSORT 0074 0101
0051 PRINT-LINE OF AS300 0114 C114
0063 P-CNT OF WORKI 0072 0112 0114
0062 REC-CNT OF WORKI 0071 0078 0082 0103
0049 RECI OF AS300 0077 0110 0111
0028 TALT OF TR2 0101
0029 TK-FAC OF TR2 0098
0030 TPH-SENS OF TR2 0099
022 TR2 OF AS200
0U64 T-CNT OF WORKI 0073 0102
0023 T-WUC OF TR2 0096
0026 T-WUCALPHA OF TR2 0097
0024 TI OF T-WUC
0025 Tll OF T-WUC
0032 T3 OF TR2 0095

COBOL CUMPILATION TIME 2 SECONDS.
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PROGRAM: AS400A

I AS300-T1 (Path/sensltivity tape)

O AS400-TI (Combined path/sensitivity tape)

Purpose: For sensitivity path runs only, paths are combined under the same4 WUC with the same Provisory Factors.

Method: The input tape is sorted on WUC, ALPHA, K-FACTOR (Provisory
Factor). Sensitivity combining is done first within K-factors
having the same ALPHA, using 1-(1-S1)(1-S2)(1-Sn). When there
is more than one ALPHA for a WUC sensitivities of each ALPHA
are combined using S1 + 82 + Sn/#ALPHAS, where #ALPHAS is the
number of ALPHAS for this WUC. The final result is one record
for each WUC/Provisory Factor combination.
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AS40OA

t21295O 99UR COB A8400CAS400A
UCC COOL VERSION 31OLA

COMPILED ON - 17 JAN 70 AT 12129150
I IDNTIFICATION DIVISION,
2 PROGRANSIO, As400A,
3 AUTHOR, ROOT HITTER,
4 REMARKS, SEN$IT1VITY PATH COMBINE,

ENVIRONMENT DIVISION,
6 CONFIGURATION SECTION,

SOURCE-COMPUTER, UNIVACOIIOS,
I OSOECT-CONPUTER, UNIVAC-1OS,
9 INPUT-OUTPUT SECTION,
10 ILE-CONTROL,
11 SELECT KUORT ASSIGN TO DRUM 100 WORDS,
12 SELECT A5200-TI ASSIGN TO UNISERVO F
13 RESERVE 4 ALTERNATE AREAS.
14 SELECT AS4OO-TI ASSIGN TO UNISERVO H
Is RESERVE 4 ALTERNATE ARIAS,
16 SELECT A5400*RI ASSIGN TO PRINTER,
17 SELECT 484004O ASSIGN TO CARDeREADER-EIGHTY,
IS SELECT FSORT ASSIGN TO DRUM IOOC WORS,
19 DATA DIVISION,
20 FILE SECTION.
21 SD KSORT PILE CO%.&INS ABOUT 4 RECORDS DATA RECORD KSORTI,
22 01 KSORT1,
23 02 KSI PICTURE X,
24 PC AS400-CD LABEL RECORDS OMITTED DATA RECORD CARDIr
25 01 CARO PICTURE XIO),
26 FO %S400eRi LABEL RECORDS OMITTED DATA RECORD PRINT-LINE,
27 01 PRINT-LINE PICTURE X(132),
28 PD A8200T LABEL RECORUS OMITTED DATA RECORD RECI
29 BLOCK CONTAINS 40 RECORDS.
30 01 RECI PICTURE MhO),
31 PC AS400-T1 LABEL RECORDS OMITTED DATA RECORDS FTI FT2
32 CLOCK CONTAINS 40 RECORDS,
33 01 FTI,
34 02 FIWUC PICTURE XC7),
35 1 1 02 FALPNA PICTURE XW7).
34 2 2 02 FI K-PAC PICTURE XXXX,
37 3 0 02 F1PIMSENls
35 3 0 03 PIPS PjCTURE 9V9(3) OCCURS 9 TIMES,
39 9 0 02 FIMISS-SENS PICTURE 9V9(3)1
40 9 4 02 FPIA6PHAS PICTURE 99,
41 t0 0 02 FI-ALT PIC X(u,
42 01 FT2 PIC X(64),
43 80 PSORT F164 CONTAINS AfOUT 100 RECORDS DATA RECORD FSORTI,
44 01 PSORTI,
45 02 F& PICTURE X(14),
46 2 2 02 FKEY PICTURE XXXX,
47 3 0 0 P2 PIC X(So),
46 3 0 WORKINOW&TORAGE SlCTION
49 77 TRs PIC 99VO(12)s
so 3 0 7? SP4i PICTUhE 9V999,
s1 4 0 77 SPHS PICTURE 9V999,
52 5 0 77 TALL'I PICTURE 09999,
53 6 0 77 %TOPuCNT PtCTURE 09999 VA UE O,
54 7 0 7? I1 PICTURE qVY99999909
59 9 0 7? $a PICTURE PVY9999999,
16 11 0 ? NO.ALPWAS OICTURR 99f,
b7 12 0 77 NT:CNT PICTURE 90),
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ASAOOA

so 13 a 77 PTwCNT PICTURE 9(6),
59 14 0 77 ARPENT PICTURE 9(S),
60 is 0 77 OUToCNT PICTURE 99999 VALUE 0,
61 1o 0 77 TLY PICTURE 9(5)i
62 1? 0 77 CS PICTURE 9V9)).
93 a0 77 CS, PICTURE ,VO(3),
64 it9 01 K-ARRAYs65 19 0 02 K OCCURS 4 TIMES PICTURE Xv

66 20 0 01 ARRAYI,
97 20 a 02 ARRA-ENTRY OCCURS 100 TIMES
6S 20 o 03 AWUC PICTURE X(7),
69? 21 1 03 AR*ALPHA PICTURE X(7),70 22 2 03 AR-KFAC PICTURE X(4),

71 23 0 03 ARUPHEENS,
72 23 0 04 ARPS OCCURS 9 TIMES PICTURE 9V99v,
73 29 0 03 ARMISS PICTURE VV999,
74 25 4 o ANA.PHAf PICTURE 99,
75 30 0 03 AR-A6T PiC X($),
76 1154 0 01 WORK-RECI,
77 %154 0 0? Wil PICTURE X(7),
78 1155 1 02 W12 PICTURE X),
79 1156 2 02 W13 PICTURE X(4),

4- 80 i1s7 0 02 WRt OCCURS 9 TIMES PiC 9V999,$1 1163 0 02 WKoFAC,

62 1163 0 03 KF1 PIC X.
83 11631 03 KF2 PIC X.
84 t163 2 03 KF3 PIC X,
85 1163 3 03 KF4 PIC X9
06 1%63 4 02 W16 PICTURE XX,
87 1164 0 02 WALT PIC X(I),
88 1165 2 02 FILLER PIC X(39),
69 1172 0 01 WORK-REC2,
90 1172 0 02 WUC PICTURE X(,
91 1173 1 02 ALPHA PICTURE KU),
92 1174 2 02 K&FAC PICTURE XXXX
93 1175 0 02 PHw81NS PICTURE 9V;99 OCCURS 9 TIMES,
94 1181 0 02 MISSION-8ENS PICTURE 9V999,
95 1161 4 02 NA PICTURE 99,
96 &11 0 02 ALT PIC X(S),
97 11, 0 PROCEDURE DIVISION,
9, POO
99 OPEN INPUT AS400-CD,

100 OPEN INPUT A$20o-T1,
101 OPEN OUTPUT AS4OQ.R1,
102 OPEN OUTPUT AS400*TI.
103 MOVE 0 TO FTCNT,
104 MOVE 0 TO PT-CNT,
105 MOVE 0 To AR-ENT,
106 MOVE 0 TO NO-ALPHAS,
107 I
108 READ A3200.T1 AT END O0 TO tNQ*RUN,
109 MOVE RECI TO WORK-RkCi,
110 IF W12 EQUAL SPACE 90 TO Pi,
lit INwSEC SECTION,
112 151,

113 PERFORM CLEAR*AHRAY VARYING TALLY FROM I BY I UNTIL TALLY114 GREATER THAN 100,1i 1s MOVE 0 TO ARMENTp MISSIONesIENS,
116 MOVE RECI TO WORK-RLCi.
117 IF W12 EQUAL SPACE GO TO Pi,
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11 IF WiI LESS THAN 'ZZZZZZZI Go tO Pi,
119 MOVE Wil TO WUG120 IF WK*FAC NOT RSUAL SPACE PERPORM CORY*X-FACTORS,
121 MOVE WKSPAC TO K-FAC,
122 MOVE WALT TO ALT

123 PERFORM SET-SENI VARYING TALLY FROM I BY 4 UNTIL TALLY
124 GREATER THAN 9,
125 MOVE WI2 TO ALPHAii.[ 126 tell

127 READ ASlOOwTI AT [ND GO TO FINISHvUP,&as MOVE RECI To WORK-Rktl

129 IF W12 EQUAL SPACE S0 TO IS2,130 IF Wit LESS THIN IZZZZZZZI 60 TO |S2o

131 IF WKmFAC NOT EQUAL SPACE PERFORM SORT-K-FACTORS,
132 IF WIZ NOT EQUAL ALP1A OR WKoFAC NOT EQUAL A-FAC
133 PERFORM SET'ARRAY-ENTRY,
134 MOVE WKOFAC TO K-FAC,
135 MOVE Wit TO ALPHA,
136 MOVE WALT TO ALT.
137 IF WII NOT EQUAL WUG GO T1 OUTPUT-SEC
138 PERFORM COMBINE-SENS VARYING TALLY FROM 1 bY I UNTIL TALLY
139 GREATER THAN 9,
140 GO TO 112,
141 OUTPUT-SEC SECTION,I142 064.143 SORT FSORT ON ASCENUING KEY FKEY INPUT PROCEDURE IS
144 FIN OUTPUT PROCEDURE IS FOUT,
145 PERFORM COMBINE-ALPHAS,
146 MOVE 0 TO NO-ALPHAS,
147 IF 5TOP-CNT LESS THAN 99 GO TO Ift,
148 GO TO END-RUv
149 COMSINE-ALPWAS*
150 MOVE ARRAY-INTRY~l) TO WORK-REC2
151 MOVE NO.ALPMAS TO NA, MOVE SPACE TO ALPwA,
152 MOVE 2 TO TALLYI,
153 IF AWUC(2) EKA46 SPACE PERFORM WRI_.fTAPE-RkCo
154 MOVE 0 TO MISSION-SENS,
05 PERFORM CAI VARYING TALLY FROM 2 BY I UNTIL AWUCITAILYI)
156 EQUAL SPACE,
197 CAI,
1M0 ADD 1 TALLY GIVING TALLYI,
159 IF AR.KFAC(TALLY) NOT EQUAL K-FAC OR
160 ALT NOT EQUAL AR-ASTtTALLY)
161 PERFORM WRITE-TAPE-REC,

162 IF MISSIONeSENS NOT EQUAL 9 ENJ163 AWUC|TALLY) LESS TWAN Z ZZI e PERFOR14 AOO*S[NSI

164 VARYING TLY FROM I BY I UNTIL TLY GREATER THAN 9,
165 IF MISSION-IENS NOT EQUAL 9 AND AWUC(TALLY)
166 GREATER THAN 'ZZZZZZZ'
167 PERFORM AOO'SENS VARYING TIY FROM I BY % UNTIL TLY
1T6 GREATER THAN 9,
169 MOVE 0 TO MISSION-AENS,
17O IF AR-KPAC(TALLY) EQUAL K-FAC AND AWUC(TALLY1) EQUA6
171 SPACE PERFORM
172 WRITE-TAPE-REC,
173 ADOSENSIs ONE
174 COMPUTE PWwSENS(TLY) ROUNDE0
115 P-SENS(TLY) 6 ARPS(TALLYe T6Y)
176 PH-SENS(TLY) 4 ARPS(TALLY, TDY)
177 ON BIZE ERROR M6NITOR PN-SEtNSTALLY),
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178 ADU-SENS.
179 T0 APS(TALLY, TLY) TO PM-SENSCTLY),
IGO WR|Tk-TAPE-REC,

11t IF NO-ALPHOA LESS THAN I MOVE I TO NO-ALPWASj

182 PERFORM AVl-SENS VARYING TLY FROM I BV I UNTIL TLY
183 GREATER THAN 9,

104 PERFORM MISIION-SENSITIVITY,
1s MOVE SPACE TO A4PHA,

180 MOVE NO-ALPHAS TO NA.
I#? " WRITE PRINT-LINE PROM WORK-REC2,
to$ 1WRITE FTI FROM WORK-REC?,
1n9 £00 I TO OUToCNT,
190 PERFORM CLEAR.PH-SENS VAqYING TLY FROM 1 BY 1 UNTIL TLY

191 GREATER THAN 9,
192 MOVE ARRAY-ENTRY(TALLY) TO WORK-REC2,

193 MOVE 9 TO MISSION-SENSe
194 AVh°SENSs
195 IF NO*A6PWAS EQUAL 0 IOVE I TO NOeALPWAS,
196 UIVIDE NO.ALPHAS INTO Pf-SENSCTLY) GIVING PM-SENS(TLY)

197 ON SIZE ERROR MONITOR NO-.APHAS,
198 OUTSEC-EXIT,
199 EXIT,
200 FIN SECTION,
201 PS),
202 PERFORM F52 VARYING TALLY FROM I BY I UNTIL TALLY

203 GREATER THAN 100,

204 GO TO FINwEXIT,
205 F82,
206 IF AWUC(TALLY) EQUAL SPACE GO TO rIN-EXIT,ii 207 RELEASE ,SORTI FROM ARRAY-ENTRY(TA6LY).
208 FIN-EXIT,
209 EXIT,
210 FOUT SECTION,
211 FOls
212 PERFORM CLEARARRAY VARYING TALLY FROM I SY I UNTIL TALLY

213 GREATER THAN 100,

214 PERFORM F02 VARYING TALLY FROM 1 BY I UNTI TALLY

2%5 GREATER THAN 100.
216 GO TO FIN-EXIT,
217 FOg,
218 RETURN PSORT RECORD INTO ARRAYsENTRY(TALLY) AT END

219GO 0TO FOUT-EXIT,
220 POUT-EXIT.
221 kX|T,
22 SOMT-X-FACTORS SECTION,
223 SK511
224 MOVE WK-FAC TO K*ARNAYl
225 IF K(2) EQUAL SPACE AND K(3) EQUAL SPACE AND K(4) EQUAL

226 SPACE GO TO SKS-EXIT,
227 PERFORM SCRATCH-OUPb,
226 MOVE K-ARRAY TO WK-FAC,
229 IF K(2) EQUAL SPACE AN K(01 EQUAL SPACE AND K(4) EQUAL

230 SPACE GO TO SKS-EXIT,
231 SORT KSORT ON ASCENDING KEY KS INPUT PROCEDURE IS

232 KIN OUTPUT PROCEDURE IS KOUT,
233 MOVE K-ARRAY TO WK-FAC,
234 60 TO SKS-EXIT,
235 SCHATCH-DUPS,
236 IF K(1) EQUAL K(2) MOVE SPACE TO K(2).

237 IF K(1) EQUAL K(3) MOVE SPACE TO K(3),
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F 236 IF ECI) EQUAL K141 MOVE SPACE TO 9(4),
239 IF K(2) EQUAL K(3) MO0E SPACE TO KI))

*240 IF K(2) EQUAL K(4) MOVE SPACE TO K(4),
241 IF Wl) EQUAL KM4 MOVE SPACE TO KMI)
242 SKS-EXIT,
243 EXITt
244 KIN SECTION,
245 Me)
246 PERFORM K$2 VAAYING TALLY PROM I mY I UNTIL TALLY
247 GREATER THAN 4,
246 6O TO KINOEXIT,
249 KZ
290 '(TALLY) NOT EQUAL SPACE RELEASE KSORTI FROM W(ALLY),
251 KNI 252
293 IcOUT SkGragNs
254 KSQ.
255 MOVE SPACE TO KOARMAYe
256 PERFORM K54 VARYING TALLY FROM I BY 1 UNTIL TALLY
257 GREATER TH4AN 4,I256 60 TO KOUTwEXIT#
259 K64,
200 RETURN KIORT RECORD INTO W(ALLY) AT END GO TO KOUiTOEXIT,

202 EXIT* -

20) MIKC SECTION*
204 SIT-SENGi,
205 MOVE WSWCALLY) TO P46SENS(TAWL)o
206 SET-ARRAYaENTRY,
20? ADD 1 TO AROENT,
205 MOVE WOAK-RtC2 TO AHRAY-ENTRYCAR-ENT),
209 IF W12 NOT EQUAL ALPHA ADD I-.TO NOwAloPIA~s
270 PERFORM Clo9ARsPN.SENS VARYING TLY FROM I 9Y I UNTIL TLY
271 GREATER THAN go
272 C6 ARSARNAYI
273 M')VE SPACE To ARRAY-ENTRY(TALLY),
274 MIGSIONaSENIITIVITY,
RTS MOVE PM~sENS(2) TO~ SPil
276 NOVI PHooSENS(U) TO IPNS,
277 COMPUTE PMSEIMQ) i PM.6!NS(2) # PM*SENS(3,
276 PM*S[NS(t) 4 Pi4*SEtN3 ON SIZE ERROR
279 MONITOR PWw5ENG4I)t
200 COMPUTE P~sSENS(S) 8 PWOSENS(S) + PM.SENSC9I -
261 P14.SENMIS 4 PH-SENSC9) ON SI1E ERROR
2512 MONITOR PI49SNIM9.
263 COMPUTE SI1 ROUNDED 0 CON.SINS(21 + PHIRSNS(d)) 0 (PN.SEIJS(2)
254 s PMwlENS(6)) ON SIZE ERROR MONITOR PW*SEN512),
2515 COMPUTE 52 RGUNOED

j 256 (P14-SENUC)) * S.t + P1-SENS(4) 0 268 * PIHu5ENS(S)
257 23,1 # Pi4'SENS(ft) 0 26.6 + PH*SENS(71 * 601 / 88o2
Zee ON SIZE ERROR I'ONITOR PH-SENSC2)
2g9 COMPUTE MISSIONOSENO ROUNDED It 61 82 St SI 2 ON SIZE
290 ERROR MONITOR W)

* 291 MOVE SPH2 TO PHwSENW)o
292 MOVE $PHO TO PHOIE48(f)i
29) CLLAR-PH-lENS 6
294 MOVE 0 TO PH-SENS(TLY)i
2M COMUINEeSEN1,

90 MOVE PHOSENStMtLLY) TO C81s
297 MCVI WSI(TALLY) TO CS2,
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299 OMPTE PHoSENS(TALLY) ROUNDED 0 C8 4 C6 CI CS2
299 UN SIZE ERROR MONITOR PM.SENS(TALLY),

300 FINISH-up$
301 Mon* 999 TO STOP-CNT,
302 Ni' oZZZZt TO W120[303 PERFORM BET-ARRAY.IWTRyt
304 PERFORM OUTPUT-lac.
305 END-41INO
306 MONITOR 0U1OCNT.

30 CLOSE A340TI £1400-CO A3200071 £34000RI,
306 STOP RUN*
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AS400A.

close1a K PI E S 9 94 61

00154 46465665 0617 6024

*0631 Wes*6Tt 0014 63
8043 VIST 6016 0043
call595 I N l 6.31coa

0lit *006101 OF OUWPU al1t01@1 610 ole
11 04V5.13NII o OP UTPUJ 0144 S4,06
n 1s6 :CA& Or @UYPU list am5 use
0213 *CLIANS*AKAY OP Rise U111 o115 0111 0314 0314 0314
0294 OCLAR.O~PHOS Of "lt cot~ "1Pa 61ta 03ll call call

02139 sto"1466SSNS OF Milt 0&40 0143 0140
0306 OKUtguN or Alec 0106 6146
0SUt OVINIW-Up oP RISC 0137
oleo SPNLty o IN 0104 oleo clot30 00 0314
0212 OPOVT 0144 01.4 6144

can O JO?.gzIT OFP OU alto 0211a
Oita Gros OF FN,
Mass are3 or FOU? 0314 014 0316
oleo OFUl OF FIN

0113 Stwqs1C i
0113 etcl OF IN-11 01'?

n~l0163 OF 1N-01 0139 0130 0140
n244 ORIN 0333 033 033
"Is? eKIN-ENI? OF KIN 0346 0353
0395 U 23 023 3 2

*0363 GsOUl-EII OF Kau? 0340 0356 0343
It 46 061 OF KIN
q350 GK63 OF KIN 0346 0346 0346
03M ox"~ OF KOUT

*2 034 alto4  of OUl 0256 c3l6 0356
1215 *MIsSIONSEN16IVIY or mist 0164 0164 01s4
0143 *all OF OUYPU
1143 OUTPUT-19C 0137 0301 0305 0301

01t9 sOUISicIEXII OF OU1pu 0169
0106 *PC OF MAD 01 01 01
0234 GICHAICHMPI OF 50K?- 0337 832? 0337
M347 *8ET.AmmN*9NKY OP Mile 0133 0133 0133 0303 0303 0303

023 SIISPN6I 0P SRT 0125 0131 0134 24
0334 Wot5 Of $05?. i

*0334 *60K?.K.FACT0K6 01a1 0131 0131 0133 0&33 0133
H161 OWNKIS1.1PI-mic OP OUTPU 05 0153 0113 0 143ja 0163 0143 il 0173 ' 0173
00t% *LPW* OP WORK- 0131 0133 0131011 01s 1 0349Ole
0096 ALI OP WORK- 5133 0134 51*1t
0074 ANOALPHAI OF ARRAY
C367 APi NTRsWY OF ARRAY 011 0193 0357 0319 0366 0273 i
0044 ANWAYS OP WORKI
0049 £AN4 OF ARRAY
0075 AMOAL? oP ARRAY 0141

flb AKNEN OP WORKI 0101 0114 03*7 0241
0070 AR'KgA Of ARRAY 01*0 0170
0013 *KOMISS oP ARRAY
W0& ANSPHUNS oP ARRAY
n0v6 *6300-11 0100 0106 C117 030?
0034 £6400-cO 0a99 0307
0024 £6400-RI 0101 030?
00 31 AS100071 0103 030?
004 AWUC OF RAY4 0153 011e 0143 0144 0171 0306
0031 CAROL or £6400
0043 Cot OF WONK: Date not oa'i
0043 C5I OF WORKI 0394 8396 039

0043 PSORT 0143 0144 0144 0119 0219
0044 FUONII oP OON? 0357 0307
001? fTVCN? OF WORKI 010)
1033 P11 UP A8400 0166 0169
0043 P?4 OP £6400
0045 F3. or P605?j0035 PI*LPIA oP PYI
0034 PIKP*&C oP P11
003 Pimil6.SINS OF FYI
0037 PIPMOSINU OPr PYI
0034 PLO$ OF PIPW*
0034 PIWUC OF FT&
0941 ?IALN Opp FYI

0045 K 01, KeAII 0331 n3o9 0334 0339 0339 0330 03 0336 036 03 03 03
0136 036 0336 039 033 0339 0340 0343 0160 0341 0141 0241 0210 0150 0140



AS4OM

0002 KF& OF wE.PA
M083 KF OF WK.FA
00064 KPJ OF WE9FA
DOos KP4 OF UK*P&
n021 KIORT 0231 0232 0232 0260 0260
022 KSORTI OF KSONT 0210 0290I23 0&6 O KSORT 0230
noA4 XoU AT OF WORKI 024 0226 0233 02
0092 SKSC O F WoRK * 0143 0134 0160 0171
00*4 02SON2S70s 0 IP W7RK9 0110 064 0162 015 0160 0103 0209
0ovs NA OF T OLi Ke 019 010600 )6 No*aLPHAS OF WORK[ 0106 0146 0SSI 0111 0161 0166 0195 0195 OtV6 0197 0260

nOAO OuT-CNT or WC K| oleo 0316
00"OV PW*SLNS o O R K, ails oils a 75 0177 0160 0196 0197 0269 0275 0276 n277

0176 0310 0*79 0217 ni79 0880 Gist 0261 0252 0280 0202 0283 0253 02i4 0284

O6 0260 0266 0287 0267 0267 0269 0291 0292 0294 0290 0293 02,90027 pal NTeL|NE OF iS409 087 01i7
Doti PToCNT OF WORKS q104
0030 01MI Of 6SI00 0109 0116 0124

Io0050 SPH2 OF WORK| 0275 0291
9001 SPO OF wOR41 0276 0292
flob3 STOP-CHT OF WORKI 0147 0301
0054 11 OF WORKI 0263 2o09 0269 0290
o055 S2 OF WORKI 0286 0269 0290

0100 0161 0103 0100 01,0 017 0176 0177 0179 019! 0202 0204 0202 0206 0207
0312 0214 0212 0214 0216 0214 0219 0240 0249 0246 0l1o 0290 016 02580 0216
0300 026 026 0273 02906 0297 0296 02990012 TALLY& OF WORKI 0102 0196 0156 0171

I
0061 TLY OF WORK! 0164 0101 0164 0167 0169 0107 0175 0170 0176 0177 0174 0179

0100 0182 014 0102 f190 0192 O90 0190 0197 0270 0272 0270 0294
0049 TMb OF wORKI
0007 W4T OF WORK- 0122 01l
0O1 WK-FC OF WORK- 000 0121 0131 0133 0134 0224 0220 0233
0076 WOMKoRECl OF WORKI 0109 011 6 1 i6
0069 WOolKeRiC2 OF W0RKI 0190 0107 0189 n193 also
00:0 wS& OF WORK- 0265 P297
no 0 wUG OF WORK- 0119 0137

0077 Wt OF WORK- 0110 0117 0130 0137
0078 wIa OF WORK- 0110 0117 0125 012t 0132 0135 0269 0302

0079 wI) OF WORK-
0066 W0 OF WORK-S ROR 0299 SIGN PRESLNT ON FILLO SHOULD Sk POSITIVE

HROR 0299 SIGN PRESbNT ON FtkLO SHOULo 1k POSITIVE
FNROR 0297 SIGN FRESkNT ON FIELD SHOULD 6k POSITIVE
rRROR 0296 SIGN PRESNT ON FIELD SHOULD It POSITIVE
;RROl 0213 SIGN POESENT ON FIEL0 SHOULO It POSITIVE
104R 0265 SIGN PRESkNT ON FI61O SHOULD It POSITIVE( NHOR 0265 SIGN PRESkNT ON F:940 SHOULD SE POSITIVE
tHRO4 0260 SIGN PREtkNT ON FIELO SNOULo 0 POSITIVE
rRROR 0250 SIGN PRESENT ON FIELD SHOULD Be POSITIVE
rNROA q250 SIGN PRES&NT ON FIELO SMOULD It POSITIVE
14ROR 0219 SIGN PRESENT ON FIELD SHOULD i POSITIVE
rNRoN 0207 SIGN PRESENT ON FIEL6 SHOULD Sk POSITIVE
FRROR 0206 SION PREIkNT ON FIELD SHOULD $k POSITIVE
FRROI 0193 SION PRE8kNT ON FIELD SHOULD I POSITIVE
FAROR 0106 NUMEDIC MOVE MAY RESULT IN LEFT TRUNCATION
F MOR 0166 ANDIOR OVERFLOW INTO FILLER,
FwOqN nl79 SIGN PRESkNT ON FIELD SHOULD 69 POSITIVE
9 W04 0177 SIGN PRESENT ON FIKLO SHOULD it POSITIVE
F"ROP 0177 SIGN PRESkNT ON FIELD SHOULD St POSITIVE
FRRO 0177 SIGN PREIkNT ON PIED 8MOULD It POSITIVE
rwRON 0172 SIGN PRESiNT ON FIELD SHOULD S POSITIVE
rNP(Q 0167 SIGN PRESkNT ON FIELD SHOULD 99 POSITIVE
FMRON 1163 SIGN PRESINT ON FIELD SHOULD SE POSITIVEI.  , ROR 0101 SIGN PRESENT ON FIE L SHOULD Bk POSITIVE
FNROR 0161 SIGN PRESkNT ON FIELD SHOULD S POSITIVE
cARO4 0154 NO 0D' SIZk ERROR. OVERFLOW POSSislE
ERROR 0151 NUMERIC MOVE MAY RESULT IN LEFT TRUNCATION
;R(RO 0151 ANDIOR OVERFLOW INTO FILER,

I rU L COMPILATION TIME I SECONDS
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PROGRAM: AS500A

Input: AS400-T1
AS500-CD

Output: AS500-R1
AS500-D1

Purpose: This is a formatted dump of the combined path/sensitivity tape
generated in AS400A. Output can be a printout of combined paths
and/or a deck of cards with WUC versus flight-phase sensitivity.
Output is controlled by the control card AS500-CD.
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ASNSA
111194, 664306 £sNO£,£610I

UK COL 06W.VIMOe 3, 0
C000011,11 04 a 11 Y &T3 £1111%6

I I3I5STI111FICTI' VN 23

3 &UTHP, ADST RETIR.
4 uAmig, PotINT4gmISSo PAT" NSITIVITY
1 KwvImmPmwT DIvIuION.
* ~Cue:43£TION "oIte.I

SAq9C~eoNPUTE UN! V£0.Issel

11 ELECT £1*0 ASSIGN To CARO.RE£DEINGTT
as EImmT £151641 &"I"6 TO c£RS.UNC4I6Tv,
13 S1180? AlsS6U.R &SIN" To P31 III
14 ELECT £64966.? I £616 TO UN316614 w
11 RESERVE 4 ALTIRWATE &Q[&$,

16 Cali DIVISION@
17 FILE SECTION,
toPC ASHSeCO LAIAL 35506 OMITTED OAT& "ECORO CAROl,

20 to £6501.01 LASEL neon3 Im"TTED DATA REGMR PCN*LINE,
21 01 PCM.l~INE.
at of FLAI PICTURE X(Gol,
23 it 2 02 Pt.! PICTURE Mall)
24 go ASS00.Rs LASEL RECORO OM4ITTED DATA RECOD PRIT06b4.
as 01 PRINSLINE PICTUNS 3116
2, PC £54 00.1 L NEL RECORD OMITTED DATA MC65030 1 FI1

2? BLOCK CONTAINS to RIC'IRDS,

to02 F1ALFI4 PICTURE X(?),
29 1 02 ;PHA PICTUE 1(),

3 a a02 P13-fAC PICTURE KNEW,

34 9 0 op p"IlSSSE PI T'1OV(

35LI 9 2.1APA ICUS 9
42 2 0 02IU PICTURE X1 iS
3 37 4 02 k.P£PICTUE Otto;.S
44 4 37 L0 P IN CUR 9TME ICUE99996,,

43 112 02 ePC PICT XXIII),

* 46 17 1 0f NA£ PICTURE 59936,
4? 1to I ORLT PIC E(s),
41 to 0 01 Hk£ol,
49 g0 0 as N11 PICTURE X131) V£LUE ' 0. .. .I
s0 as I 02 Nit PICTURE X(33) VALUE
11 20, 1 'TOTAL SENSITIVITY NY PLIGHT PHASE$,
52 30 4 02 N13 PICTURE X131) VALUE
S3 30 4 to.......Not's
14 36 0 01 )3EADU,
15 36 a 02 421 PICTURE 110) VALUE
16 3£ 0 'U mil NF£ PHI P142 pit
57 41 3 02 Nit2 PICTURE 3(26 VALUE @NJ. P'14 PHI P144 F',
56 44 1 02 1433 PICTURE X(30) VALUE IN? P146 P149
so %1 1 02 1424 PICTURS 3(10) VALUF %£PN£S ALTO,
6O PROCEDURE DIVISION,
41 POO
$I MOVE 0 To ENTOGNT,
63 MOV& 010O LINE*CNT,
£4 OPEN INPUT £6400.11,
:5 OPEN OUTPUT £SSOOR4,
06 OPEN OUTPUT £ISo0-9
6, OPEN INPUT £1300-CO.
Go PERFORM 14Ae£DLINES,
61, Pit
70 READ £1400011 AT END 00 TO END-RUN,
?I IP PIWUC LESS THA£N ozzgZZZ' G0 To P1,
72 MOvE SPACE TO PCNOLINE,
73 MOVE PIE TO PL41.
74 MovE SPAC TO P LO.

75 WRITE PCN.0mLE
7? £00 1 TO ENTeCNT,
70 PERFORM MOVE.£NO.PRINTC

so PERFORlM P££E.URE£R,
41 PERORM NE£D.LINIS.
o2 PRFORM MOVE.£ND.PRINYO
53 Go TO Pis

04 PASE.IRE£K,:1 ~o 6£move SP£CE TO "RINT I,
WRI POINTOLIM P 64,FTE 4£V£NCIN ME LINlE.:71 WRITE PRINTOLINI AFTER ADVANCINE 91 LINO$,



ASMOM

36 P4,
09 MAD 6400-71 AT 1N t0 TO gkOSUN

to; powoim "011h9NOW"INTO
91 6Oo Poe

9t wOfVea*-PgNT,

'3 MOV& P1WuC To WUC.
94 MOVE plt-AFC TO KepaC,
s PtROR SENI-ROWV VaaING TALLY POOR I MY I UNTIL TALLY9go WAiTER THAiN to

07 m" oP Cc To too
oss "D Fl-I p"A To NAO
99 NOVE I-ALT TO CLT

100 AN0 I TO LINoECNT,
101 if LINKCNT G49ATS TWAi 46 PERFORM H640-LPIN,
1e WRITE PtM?'TOl11 PRO" PL4,
103 INS.oMOVIo104 "ova F&PS(TiU.Y) To INIST4010o

tu4 o0Vk P TO PRINT*L| ,

107 WRITE PRINT-LINI xPT5I LOVANCI.h 55 LINES,
too WITE PRINT'L:N,
1o9 wilT PRINTOIw FRIO M1019
I10 WITE PRINT-LINI FROM M60I3,
its MOVE SPACE TO PRINT-LINI,
11a WRITE PRINTeLNI,
113 NOVE $ TO LINE-CNT,
114 *IN-MUNI
115 NOVE SPACE TO PNINTIiN

WRPITE PM|NT-6N1 6FT90 AOVANCING 5 LINES$
? CLOSE A1400*Tt WITH LOCK,

CLOSE AS600€C0 4500-I1 0300-01,
119 MONITOR ENT-CWT,
130 St0P RUN,

I
C C SS AIFIRE1C 1E L I IT

-002 6400-tI 0014 0026
Doll *8010-C0 Cot& Dols

DoOI4 6sOo0-C 0013 0024

B r0115 ,two-RUN or Ms4 COTO cost

0106 SHI0II NKI OF 31443 0069 0069 0069 0061 0063 0012 0101 0101 0101i0093 * MVEo &NOoPRIN T o r |SiA o 0F 0077 00 7 00 cost cost cost 0090 Data Cot
e00es 4'*-R~IK or $SA A 004 1 0061

006 * In OF P SAINT
s00 pa OF $SAAB 0071 00?0

Cabo0 PS OF $|648

0009 op6 OF *SAA41 0063 COO&

114*S0NI-OVE OF 5IA44 0097 00O7 0097
004, ALT OF PLI 0100
00t 46400-TI 0064 0070 0019 0116
01l. 4600.G0 0067 011
0020 A4500.01 0046 011
0024 AiDOOR& 0045 011
0019 CAR01 OF 6500
0045 Cs OF P1L 009?
0039 ENT.CNT OF WORKI 0062 0076 0119
006 PTI Of &S400
0037 FTI OF £6400 0073
0030 FA6iPWA OF Ft
0031 FIA-FAC OF FTI 0094
0034 I11i1R6-1ENJ OF FTI
0032 FiPrm.$s OF FTI
0033 PIPS OF FIPW- 0104
n029 FIwUC OF FYI 0071 0093
00)5 FINiLPHAS OF FYI 009
0036 F 1ALT OF FTI 0100
0046 HEAD1 OF WOXI~ 0109
00#44 4 2 OF wOtKI 0110
0049 w1 OF 4EA01
0050 4Ii OF H1A01
0ost H0I OF 1A01
00s N21 OF Nt103
001? 433 OF 1I02
001 433 OF E4102
0059 434 OF HEAD0
0043 KPAC OF PLI 0094
0040 LI1N-CNT OF WORKI 0044 0100 0101 0114
0046 NA OF P11 0096
0011 P00-LINI oF 6100 0072 0073
0044 PHOElN6 OF P1. 0104
0041 P1L. OF WORKI 0102
0022 P11 OF PCU*1 0073
0033 Pk. Of PCM*- 04
C0t P INT-61NI OP A4900 0016 0066 0167 0103 0101 0107 0107 3100 0109 0109 01100110 0113 0113 0I11 0114

0042 wu; OF P61 0093
ERROR 0104 |OGN PREST 0N FIELD $WOULO 1 POIiTIVIERROR 0104 SIGN PREISINT ON FiIL IOUL0 6 POSITIVi



PROGRAM: AS600A

bug: A8400-T1 (Combined path tape)
A8500-Cl (Failure data)

oAS600-T1 (Combined path and failure data)

Purpose: In preparation for the criticality calculation turn that follows, the
combined path data is merged with a deck of failure rate cards.

i
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.1

1"2., ".44 GINM I Ok AS. buA*A%6b', A
11CC rbO.U4 If!.? COAPILV.
CCO. ILEI' ON. - 31 JA , AT :r..:.

I l*.MTIFCATION DIVISION.
P f,..uMNM.-ID. AS64HA.

3 AI*TIOR. ROUT MITTEN.
s It, MARK$. SOseT COMBINEo PATH TAPE MERGING wITH FAILUPE

S DATA FROq CA .O
* r.V1PiONNLT MIvISION.
7 rOe i.,iMATIO. SECTION.
a :,UANCL-CO~uTCR. UNIVAC-110.
9 -h,.JLCT-CO'UIER, UNIVAC-II.
10 I,.PUT-OUTPUT SECTION.
AI FILE-CONTROL.
12 SLECT ASt*-C0 ASSIGN TO CAURD-RAER-EIGHTY.
13 SELECT A' A@- TI ASSIGN TO UNSI.RVO H
1.4 RESEPVE 2 ALTERNAtE AREAS.
IS SELECT AS6OS*" ASSIGN TO PRINTER.
16. Skg.CT AS600-TI ASSIGN TO UNISERVO F
4 17 RESERVE a ALTI NATE AREAS.
0 SELECT FsONT ASSIGN TO ON 150000 WORTDS.
19 P ITA ITVRESION(,
an FILE SECTION.
;:I i AtAOU-Tl LAW L RECORD OMITTED DATA RFCORD TRl

46 FLOCP CONTAINS i40 RCCORDS.

&.11 "1 FTe.

2f 02 SwC PIC X71.
45 4 1 02 ILCR PIC X16).

Z6 r:- AS68UO-CO LAUELI RErC040 OMITTED DATA RE[CORD CAROL.

7 30"I CASUI C
4 8 02 C4 PICTURFE XXXXo
ga u , 02. FILLERt PICTURE XXVX,

in 1 3 2 CS PICTURE XXXXXXX,.
31 4 02 FILLErR PICTURE XXXXX,

32 ? O? C7 PICTURE XXXX.
J3 1 02 FILL. PICTURE x453).
'44 14 0 0? CN PICTURE XX.

tr AS6OO-T 1 LAUEL RECORD O41TTED DlATA RECORD RECI

i.t" RLOU CONTAINS 40 RECORDS.
.$7 01i flee PIC X4(91.
3/1 r, AS7UO0 A LARE[L RECORD OMITTEDO DATA RE*CORD PicjI T-ItjL.
"'j nt PR NT-LII PICTURE C(132).
%p1 1. FOT FIL r CONTAINS AOUT 600001 RECORDS DATA RECORD FSOTI,
%E UU F I T A
12 Ol SXOEYI PIC X.).
% 3 g 2 01 SK[Y Z PIC XXxx,

*4 1 0 0,1 FSI PIC X180).
SO A , RkING-STO GE[ SECTiONT.

4 h 7? kEL,,,cNr PICTURE 9"9.9

4,7 A 11 77 P-DNT PICTURE 99.
%h : 0 77 T-CNT PCTUE 99TO 99",4Q) • 0 rt OCHLURF DIVISION.

%A)|v OPEN XINPVT AT5OD'Cf)*

bA OPLh OUTPUT AST O-Ab3 OPE4 ZINPU T AS#4OO-TI,
*41 OPEN OUTPUT AS6O0-111.

741 MOVE 0 TO REC-CNT
bb MOVE 0 TO P CRT
b? COV 0 Tn TCNT.
1 SORT FSORT ON DI. ,cv omN KTY sKcYt sK#Y2 IN'UT VPOCfOQ'Rr

7.nT IS.

78 I-SrC OUTPUT EROCLT; RE 1
, 
OUT-SEC.

ul MONITOR ECS.
b2 CLOS F AS600-TI AS600-CO AS6OO'hR ASLASO|.
u3 MONITOR rEC-CNT.
u.4 STCP RUN.
t'S I -SC( SIECT11N,

b? 
ADD I TO RCCT

OR 
MOVE SPACT TO FSRE.
R0AU ASIO-CO AT f 0 So To RrA-TAPE
M1OVE CS TO K.YI .

?I2 I? PCNT LETHN

13 MOVL PRINTIN OHST
SOV CA , TO FS

73 RELEfASE rSORTh.

VS 00-10 1ST I

7" 1), AD-TAPE.

76 EAU AS O-Tl AT END 60 TO IS-EXIT.
77 K Vt NU¢ TO SKfY.Y|
T6 "OVL SPAC E TO %KEYT,
7 9 MOVE T "2 TO FSI.
up RLLA~SE FSoATI.

nl AWU I TO T-C/NT.
; at ADD I TO RErC-CNT*

U3~6 O roLtAO-TAPL.

.4 1 -LIT,

lh 0,T-SEC SECTION.

68 RETURN FSORT RECOR) AT END 60 TO OS-EXIT,
09u MOVE FSOPTI TO RECI,

I 90 WRITE R~c I.
91 ADDb I TO P-CNT*
92 IF P-CNT LESS ;MAN 5

' v3 WR~ITE PRINT-LINE FR!OM FSORtI.
94 GO TO wO.
95 n, ,-EXIT.

Y
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0out 44011 613 "0It
0026 ASeO-CO 6013 0436

: 6 w" 00- 41 015 0034I035 AS649-71 0016, 043S
040 F!.0T 0010, 004.0

4067 *1oN-5C so"0 060 0066
ofsO *IS.EXIT OF IN-SE 007? 006b
0067 eIst OF IN4( OS?7.
0096 sot.-EXIT OF OUT-I 0004 00%4 's 008 nsI OF OUT-$ 009%.
0061 *oUT-SAC g006 60 0060
005 e90 OF $SAAB00
0876 oftEAD-TAPC OF INSE 0070 00

as* AS'.0901 0053 0062 0076
0026 £1400-Cl 0051 0062 0069
004 oos S6os-Ri 0053 00402

005As60011 0054. 0042
0027 CARDI OF AR0 07

0030 C16 OF CARDI 0070

00.42 C7 OF CARDl
0034 C9 OF cARD1

0040 rsoRT 0050 0060 0060 0068 o909
0041 FSORTI OF FSORT 0060 0073 ou000 903
004.4 F!.1 OF FS01? 0072 0079
0039 pHtINTLINE OF AS600 0093 0093

r0. r-CT OF wOtK I 005.. 0091 0093
0046 PECC oF wolRKt 0055 0063 0067 0002I0037 PLCI OF AS600 0062 0009 0090
004.3 SAEVl OF FSCRT 0056 0070 0077
004.3 sKEYR Of FSORT 0050 0071 0076
0023 TR2 OF AI4.00 0079
0004.8 T-CN? OF WO64I 0017 0081
00.1%. WuC OF 112 0077

CoO.,L LOMPILATIII T104L , St.CONOS.
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ASGM CRITSCALI1Y CALL.

Counts"r.

I#7'1

toad A tnd1 ,

voi 0w Reur
TotA~.At I n

C Per-t

R Add I t

No allure l

Card-~i

Nito Flag I

ot-ritr
rformt

Read ~sd AdJCj 110"

B-5"k



lI

PROGRAM.: AS700A

tnpue ASWOO-TI (Merged path and failure)

ASI00-T1 (Dictionary tape)

B O js: AST00-Rl (Printout of prelim. & total crit)
L AS700-D1 (Deck of criticality cards)

u P oae: Computes criticality from WUC sensitivity aud failure rate datar,
provides a listing and punchcard deck of criticality by phase for

each WUC.

I( (See illustrtion on opposite page. )

I



iti
1pCULATS 

LITCLI16
I ttCmlulFTC1tt SCTIION.

t4 P*I.NIC.

*~ ~ ~ ~ Ol CI-VIAtlSI*I i
2* (4ttCTO.

22 I~~VCOI NS40I.*.rT

23 I OECORfl1111W

14 FI~pCWLE.

17 VSCT*1r.7n a$tPCTUR C& l.CHtT,
a4 2LC PIC40£124 T UR A ttfollIWY

2

31LI OCONDOMI01:TTD
2£ DaT& *FCoO PILI.

1.' ~ P .~K-r PtCT'JR0 *214).

32 9feCOND CO4TAtNIS 12 ewAIACtA 41
LARFL %ICP0rO OfITTF0

V. II Pi.PICTURE x2I3).

37 RECORDO CtIN'AI'dI -0 C"Al' 4 T711%
43 L&RFL 4IRNCIW MITT90

44 DATA RECORD IS PERCNTAUECARS.

" P %TA RECARD ti 1 61.

'I OP 0? ILL0.
4  

F('TORD' aA)

i3t1 7 (1), R01, PtCTJV 3'9%49190

44 12 ? rp FILLER PIr.Tua; A(A).

bs 2 nivI. .G-Snlf'ft SFCTt"V PC 0-,g
77 C-PI j 4 9 f9

,7 I V) 17 FLAC.l PIC x11 V.1E17. 1
1* 7 7 1 rIC 19999 VALIIF 2.716,'8.

49 3 3 17 Lt'E.P' PtC'.TvQ; 090.

er 4 1 77 P1.C? PICJ'k its).

b) 1 ?' SP ACE*' PICTURE x VALIL '

62 4 11 7 0.-vu'1 PICYuOF t1),

64 9 7; ?~~ x C40 9

04 17-i4 3 2 ?tCTU*Ii X(10).
A7 it 4 f,7 FLI( JyS PIiCTURE 9(b).

0,4 12 1 l,? VtLLE4 PICTURE X(Asl,
b, ?4 -1i T-'uC.

h 24 a I~ T Cl PtCUwt 0 .

7t 24 ? T le '1I~CTUQC 4(b).

1? 2£ 4 PENCE-IT-IFT-AqRt£Y, :te' ao ALj
73 ?1. 'q2 F ILIARPrl14xj) ~..
74 26 m 11i2i3I4)37941424441A14749419£'.

1~31 a lip FILLER PICTuRk 4(24) VALL'I

71. 31 1 9A4&&£A?7~99'
17 26 1 it 49 P.DEFINES PECLQ-.T-ARRAV,

79 2£ 3 1 lPtCt~jRl al OCCURS 2' TIN[$.

~C 35 3 . FILLFR PICTU#E KIMfl VALUE

at 3b ) -0'1C0O0091i)72'

d2 40 1 VliLfq
9  PICTURE X(24) VALIES

: 4 35 a it XRX WAF7IFS~ 11-1%IX,
A, 33 35 1 ip ' PICTURE 90 OCCUR

4S 27 TIMES.
6i 44 1 11i ttttC~l

A? 44 3 02 ltfl.
a 44 1 cl wUC PtCTURL at?).

143 :5 t1 O ALPHA PICTUP. XI(?).
9n 4£ 2 1"l 4-Fac PICUpt XXIE.
9 1 47 0 (l ON-SEI, 99MOS0TE,
*2 4? 1 014 Pot PIC1TURE999 CLI 15,
91 3) 1 03 '-SInS PICTURES quott.

94 33 4 01 'ALP4AR P'ICTURE
1 

to.

93 34 3 03 ALT PICTU4E X(41.

9£ 3£ 0 3) 1~ 4.AD
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too 1 ma U ~ RCI. IT.1ICUR 90991 OCUR 9 03 1111168tP 31
Vi ~~~4 5 P1 ~C PC* i
~~1 991CRI PISUII 9V9O90CJNsVS

1"6* 10 1 Sia& ?M.SY
its 711 3 a Pat OCCUSS 13 Tt'4S.
1.1o ?0 F1 oPASS0 C~ K 9f 0 ?1ES.

rf. 303 0 o pei.
lt0% 3 PC-to PCTat

1 e ii I40 FILSF PICTUEX~

lid Est 24 of 0 LIN PICTURE X(1).

114 W1 1 PROCEDURE "lylttop'.
sit Pot

12 Oft% I~~u 4800-ti.
1REA A51,£300-C0 INTO CO4TROL-CAK." at END STOP RU4.

121 OPEN OUT Wn20-O.ii 124 opENm OUTPUT A1110-01.
125 PKAPMC cAu.P9
&as PINPO04 PERC.ta&KI.ItT vARYIN&, TALLY PUP4 I mr I UTIlL

Fitit:r.utt? PcC0I%'A IS It-1SCTO.

152. OUP6 ,6 1400 PH %k ac IS WI LUUE.CA

Go T Or 1*
i132 rn-lIcIO SE TO~ ~ IIiT*~t

133 I C4-SN A5j. ALYPO"S9

130PC I'FCIt-kT

14 MADPI AT CMU F.CI VYIG ItAL N OEx I I U.

14OV E' .19 FLRr.

I i "ltX . 1 oIl

1:452 IF r C TO SE%(W tVTY".4.

14.I~IIU PSRORN ZRO-HNS It AAPI' 'T 1. TALL FROM I ByI

1~~4 i; 'O LTAL LY RI T r T6t PC F Ist irtc E 1
"593 I. CI %' IA

%%r al) T I l.

14..14C POTM QPI?-Sky.:

INA ~ ~ lP u' CnPrITALYIT R YINGLE * LALL 0ON1B C"IUNI
PCillTALL ) * COP N RO MNTU r-

1'4MOVE 20ES TO FLC4
*itvE I!uCF IN*I I"'t

'"4 PEFO' I AMI.G AL 4'1F NI AL

19')An I ToC1 * XITAL.
IFI "OVI ?AIY It PI 0 iI OEIT

'' ~~11 14V 27 O IL

IA, ~oE ov CW-rl To41. . 1B-PCI

lt STL FLCF1MPI



193 PrqWINTAGE.IPUT.
196 READ 48700.6a A? two "Oft 0. To TALLY. L

199 .4oVF OMgg To PAI(TALLY).
ISA dITj PL PWS PASI~TAgLY).

194 !NOVE ALL W1 T4 PH-CRIl.
199 h4iL.NrCo
2C0 ICIVE a TO TOIAL.CPIT 1-1 PC.

ptPENPOH" soo-C*y VARYING TALLy rqni 1 mY I UNTIL TALLY*a.
2112 tE FLAWS 6 *YEBS SELIASE F91 rva2. PCI,
261 PrU"FoaI CLLARU.1.
2.24 4OVE *400 TO FLAGI.
7115 is- dni-SNs.
206 IA 0 TO PSICIALLY).

zqCLOSE 4AOO%?1 WITH4 LOCK. [
CtOSE £51001.

21~CLO)SE £117011-01. 45flifl.CD
alltIn PC'4.T.
212 STOP WU'.

kUNON 9194 SIG" PIE.IT 04 FV SHOULD t POSITIVk
kwMC4 019?l 1116t FW.TCI 04 PLn $"OKI, BE POSITIW.
IENOH 1195 If.*; p45(cVIT CPS F190 SH4OULD RE POSITIVE
ammoo 1102 1-1i 'M -IvE 'AY IF;ULT Ii LEFT TRU-1CATIn.
kMNCU Dig? A?4IIO' OvVPI-t.9 INTO PILLE'
ampa-4 119t %Icv pRECk COi rIL SMO)JLO BE POSITIV,
F0001 0182 SIG PRIEt O'J FILft $40UeD BE POSITIVF
E"04 00b2 ;lrC. PSTF%4 ON r 'ELI SHOULD BE POSITIVEU
F*40O "IS? 1IG. IP9t9:11 ON FIRMt SOIJLn or POSITIVE

E14406. n11..' 1,14' PRPIC,.T U% rjrL: S-49)LI 'IE P01-ITIV.
FOR4 OVA '.IG Prta. vwi rtrL-, INIULO OFp POf-:VF

CO tLX'fPIi.ATIft% ttrk

L
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777

11 APPENDIX C

This appendix gives the derivation of the basic element-sensitivity models
presented in Section 4.4.4. Also included is a numerical example for a design which
includes the major cases considered.

Certain terms are basic to the following equations. The letters A, B, C will
represent properly operating mission functions; A B, etc., nonoperating functions;
the symbol .4, an accident; and ia, ib, etc., the it element of function A, B, etc.
The.term P(X) is the probability that function B is unobtainable, given that func-

tion A is not performed.

C. I SERIES RELATIONSHIP MODEL

LI For functions in series:

4-j The probability of an accident given failure of the ith Work Unit Code elements is
given by:

PL4 la) = P( Ila) P1"C)

,I = P(Ilia) P(1 6I)PL I )-
= P(K I)dP B[)P('J)P4* (C-1)

Vote that in the development of this equation we start first with the highest
level function (C) for which it is assumed that P(j.[ ) is known; and relate the state

' LI of C to the state of A (given t a fails) through the link dependencies.

i B C. 2 FUNCTIONAL REDUNDANCY

The term will denote the state in which B1 and "'2 are both failed 1(1jt 2 ).[ C-aa{B
IT! . . , 2



For an element in A:

Pol P~j !)P(j) L
P(Xtl)PB-MI1-C)P(AIC). (C-2)B

For an element in B (say in B,):

P(Jlib,) =P(jilb,)P(AI')

=P(B~ibI)P(1Bf)P(AI C) L

=P(BlIibpP(-BP1)PefI) (C-3) i
Note that we have assumed that C requires either BI or B2, which are equally i

effective in providing an input to C. If this were not true, the relationship would be
one of parallel functions.

C. 3 PARALLEL FUNCTIONS L

For an element in A:

P(AY a = P('51la)P(e*I'U)J

= {P(fBC I'd P(15I'Th) + P(BC-I'd)P(15lBr) +P(B-IA)PDjBC)} P(.Jf I)

-P(Xt a ) fP(9CI")P(15I'C) + P(BCIX)P(75IBC)

+ P(B-C )P (16IB C)}I P (AID") (C-4) i

r-A



II For an element in B,

U(41b pffiI,)P(dIB)U = p(1I)P(M)P('l D)

3 =P(1%) f P(-CJt,)Pffl3B)

+ P(cI ib) P(lC) ) P(.1) (C-5)

Note that for an element in B we consder the two conditional probabilities
P(ClYib) and P(Clib) to account for the possi'oility of load sharing between B and C.

! If there is independence between B and C In the reliability sense, we have

P(~ib) = P(Cl)and P(Clib) 1 1 - P(Z!Iib) = 1- PC)= P(C).

In the above examples, element D can be considered a major function for which
the basic sensitivity input P(J 5I) is available. We now consider cues in which a
function is in two major functional paths. The simplest case is shown below:

[C and D are both major functions for which sensitivity inputs P(.41) and
P(.AjD) are available. But in this configuration a failure of A might produce a failure
of both C and D. Major functions are assumed to be independent, and a term such
as P(At*) actually means the accident probability if onlv major function C is failed.
Withthis definition, if independence of P(JI11) and P(J ID) is assumed, we then have

Iii P(AI ia) = P(Cia)P(D~ta)P(AICU)

+ P(mI ta) P(C I'd P4d I*)

+ P(Z!Ia)P(bf 1af 1 - P(71I)P('3IT'h

where P(~r) =probability of no accident given that just C io failed

C-5



and where we state explicitly that

P(.ICD) =1- P(ljr)P(1I[)

P(MIX P(MI)P(MI).

C.4 EXAMPLE

The diagram below will be used to illustrate the above models.

L ~0.2

A .9081. 0 X P(.EI) 1. 0
0.5

2. 0 .0o.

That in, there is a 100% probability of an accident if function X fails, and a 70% prob-
ability of an accidenm if Y fails.

Two major functions, X and Y, are involved. B1 and B2 are a redundant
configuration, while C1 and C2 represent parallel functions. The required link
dependency and accident sensitivity values are shown on the diagram.

It is seen from the link dependency values that A is not completely essential in
that there is a non-zero probability that successor functions can provide acceptable
outputs if A has failed. Also, if B fails (1 and '92) C1 will always fail, e. g.,

P( IZ21'n) + P("C1C2I")= 0.8 + 0.2 1.0;

however the probability of C 2 failing is 0. 8.

C-6



FlC. 4.1 Elemetin_

P(Alia) =P(!'YIia)IP(APM + P(:9'7tia)P(AIY) +P(3fVlia){1 - P(313)P(71Y))

III =P(Xiia){IP(34X) P(YIX)(1. 0) + P(Xrg) P(Y1W)(. 7)

u+ P(Wffia){t1 - (0. 0)(0. 3)1.

We therefore have to calculate P(R) amd P(Tjx):

P(rjX "C- +('XP( ' C 1"C +"C'2

[1 P(CCP)P(Tr1 IC2 ) + P(CIC2 IX)P(X1C 1C2) + P(CCIX)P(3rc1 )

=(0. 9)P(U1 C2 1X) + (0. 5)P(CC 2jX) + (1. 0)P(C1 C2IXK)

I Li (0. 9)P('U1C2I'Nh + (0. 5)P(C 1C2IM + (1. 0)P('C16C2I)}P('IX)

f-i =1(0.9)(0.2) + (0.5)(0.0) +(1.0)(0.8)}P(BjX)

LI -(0. 9 8) P(mjX)

=(0.98)(0.90)

=0. 882.

=(0.8)(1.0)

[ = 0.8

Hence

P(A$ a) P(Ajta){p(X)P(YIX)(1.0) + P(XX)P(!jIX)(0. 7)

+ P(2XIA)P(YIX)(1.0)}

liii =P(Wjia~{(0,882)(0. 2)(1.0) + (0.118)(0.8)(0.7) + (0.882)(0.8)(1.0)}

U = 0. 9481 P(AjXI

fl C-7



U
NotA that f A were essential to B, and B were essential to C, X would fail

since both Ci and C2 would fall; and therefore P(Jiia) = P(.A % - 1.0. To demon-
strate the validity of this result, we can take the expression: l

Pq~s) P(yl.)P.AIT)+ P(1fflia)P(*IY) + P(X3lia){1 - P(7XP(017)}.

Because of the new constraints, P(XYfia) = 0 since P(Mia) = i. 0. Therefore the
expression simplifies to:

P('ilia) = P(YIia)P(e('f) + P(lia){1- PR pX)P(7Y)} I
-(0.8)(1.0) + (0.2)1.0

- 1.0

C.4.2 Element in BI

When examining an element in B1 we no longer need consider the Y major
function, since its success is independent of B. We therefore have:

P(J libl) = P(Ibl )P(I)

= P(71ibl)(1. O)

= {P('lC2 Ib )P(3ZI 1 C2) + P(ClC2Iibl)P(*ICl" 2) if

+ P(rl72Iib )P(Mc72)} (1. 0)

f(.9) P('UC 2 Iib) + (0. )(12' + (1, 1 (1.0)IU I

= P ( {(0. 9)P(fCl C2 B ) + (0. 5)P(Cb ) + (1.0)P( C21ib)} (1.0)
1 3

= P(Bi1ib)P(92){(0. 9)(0. 2) + (0. 5)(0. 0) + (1. 0)(0. 8) (1.0)

= (0. 98)P("l [Ib P(112)
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C. 4.3 Elemntin C1

I (.41i =i P(11i0 )P(.4134

1 1= P ( 1. o

=P(U1C2Ii P(xIrCC 2) + P(C1l 2Ii )P(3tICI'C2) +(a*A )(1 2

S[=P(cili10 ){p(C2)(O.9) + (0.O0)(0. 5) + P( 2)(1.O)1

S[=P(ci1 0 .1 0 P(C2) + P(C2)}

1 C. 4.4 ElementIn D

=(41d P(DtId)P(VIDB)P(

~ff = P(~Ii 0)(0~O(. 7)

-(0. 7)P(Djid)
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II~I
APPENDIX D

This appendix contains the flight-safety criticality assessment for the F-4J
aircraft. [

These criticalities are based on the combined failure data fcr May 1968 through
April 1969, the flight history for the same period, the sensitivity values fir each
Work Unit Code's functional path, and the weighting factors applicable to the distribu-
tion of system failure probability derived from the VF-121 data collection effort.

'All conditional or provisory factors were set to zero for this model axercise.
The criticalities therefore are based on VFR daylight mission with field takeoff and
landing in which backup (emergenuy) systems are available but not a.eded. This
appendix is divided into two sections, the first ranking WUC's by their criticality,
and the second listing the same information but sorted according to WUC.

The format used in the printout shows the WUC on the left followed by the
name, the criticality in each mission phase, and finally the total criticality.

In cases where there qre more than one alpha designator (more than one part
having the same WUC), the name is listed with the applicable alpha designator; its
criticalities are shown for each mission phase; aud the combined criticalities for LI
all alphas having that WUC are shown on the line in which the WUC is !;ated.

Mission phases are numbered in accordance with the footnote on page 2-5 ofthe report.

D-2
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WUC'S RANKED ACCORDING TO CRITICALITY

-CRITCALITYIS BY FLIGHT PHASE TOTAL CRIT
MU, PHI PH2 PH34 PH PH5 PHb PH? PH8 P49 CRIT HANK TITLE

5711400 .00321 .0043., .00647 .00431 .00322 .00107 .00645 .00644 .00536 .04083 1 COITL AMPL.
111M400 .00090 .00110 .00106 .00081 .00197 .00146 .00146 .00172 .00204 .01254 a CANOPY
42121 .00049 .0015u .00170 .00096 .00074 .00032 .00211 .00118 .00082 .00962 3 A.C. OURZRATOR
145b5 .00076 .00091 .00099 .00084 .00092 *00091 .00131 .00115 .00153 .00932 4 T.Z. FLAP PIIR.COWT.CYL.
51423 .00000 *0097b .0010. .00102 .00146 .00099 .0O164 .00000 .00000 .00929 5 ,O.T. IND.
23AG200

+ 
*00067 -00087 .00063 .00048 .O005a .00092 .00063 .00067 .00077 .00617 6 MAIN FIU.L CONTROL

42127 .00036 .0008 .00097 .00055 .O0042 .00018 .00121 .00067 .00060 .00501 7 an. CONT. PAL
5141 .00045 .00063 .00065 .00046 .00067 .00045 .00075 .00061 .00083 .00570 a PM PLOW lD.
514j3 .00045 .0006 .OObs .00046 .00066 .00045 .00074 .00081 .00082 .00567 9 OIL MPR0 IND.
57115 .00041 .00055' .0008 .00056 .00042 .00014 .00063 .00083 .00069 .00516 10 YAW RAT OYRO
23A93 .00052 *00067 .00048 .00037 .00041 .00070 .00048 .00052 *00059 .00474 11 T3]P. ANPL.
42210 .00023 *00071 .00081 .00045 .00035 *00015 .00100 .00056 *00039 .00465 It C.8.D.
'I13C .00056 .0002b .0003A .00038 .00013 .00051 .00051 .00064 .00101 .00437 13 IIYD. PUMP
49112 .00032 .0004b *0004h .00033 .00047 *00032 *00053 .00050 .00059 .00o405 14 FIRz WANE LIT
MDO .00032 .00039 .00042 .00036 .00039 .00038 .00055 .00049 .00065 .00395 15 FlAP BYST.
57116 .00031 .00041 .00062 .00041 .00031 .00010 .00069 .00062 .00052 .00392 16 PIT"H RATE GYRO
51844 .00061 .00000 *00000 .00013 .00045 .00049 .00091 .00110 .00000 .00369 17 P OUAJITITY lND.
4631100 .00000 .00000 .00000 .00067 .00058 .00058 .00087 .00068 .00000 .00358 18
51851 .00000 .00000 .000bf .00058 .00082 .00057 .00080 .00000 .00000 .00345 19
23AbA .00037 .00041! .00034 .00026 .00029 .0005C .00034 .00037 .00042 .00337 20
51442 .00025 .0003b .00037 .00026 .00037 .00026 .00042 .00046 .00047 .00321 21
57112 .00025 .00033 O00bO .00034 .00025 .00008 .00050 .00050 .O002 .00317 22
13347 .00002 .00119 .00000 .00000 .00000 .00000 .00000 .00156 .00032 .00309 23
41552 .00025 .00031 .00032 .00022 .00047 .00028 .00032 .00038 .00044 .00299 24
47111 .00000 .00000 .00034 .00049 .00106 .00063 .00042 .00000 .00000 .00294 25
14540 .00024 .00029 .00031 .00026 .00029 .00028 .00041 .00036 .00048 .00292 26
462.2 .00000 .00040 .00040 .00040 .00027 .00027 .00038 .00U33 .00000 .0045 27
49122 .00018 .00025 .00026 .00018 .00026 .00018 .00030 .00032 .00033 .00226 20
46171 .00000 .00030 .00036 .00037 .00024 .00024 .00035 .00030 .00000 .00222 29
14553 .00018 .00021 .00023 .00020 .00021 .00021 .00030 .00027 .00036 .00217 30
11331 .00017 .00022 .00017 .00013 .00032 .00024 .00022 .00029 .00041 .00217 31
2931E .00023 .00030 .00022 .00016 .00018 .00031 .00022 .00023 .00027 .00212 32
b711U .00015 .00020 .00030 .00020 .00015 .00005 .00030 .00030 .00025 .00190 33
51627 .00000 .00063 .00000 .00000 .00000 .00U00 .00045 .00081 .00000 .00169 34
29311 .00018 .00024 .00017 .00013 .00015 .00025 .00017 .00018 .00021 .00168 35
57117 .00012 .00017 .00025 .00017 .00013 .00004 .00025 .00025 .00021 .00159 36
44112 .00011 .00013 .00017 .00013 .00017 .00017 .00020 .00020 .0002o .00154 37
14F22 .0n012 .00015 .00016 .00014 .00015 .00015 .00021 .00019 .00025 .00152 38
148e3 .00012 .0001' .00016 .00014 .00015 .00015 .00021 .00019 .00025 .00152 39
51411 .00000 .00071 .00015 .00010 .00015 .00010 .00017 .00009 .00000 .00147 40
4721S .00000 .0000u .00011 .00028 .00059 .00035 .00014 .00000 .00000 .00147 41
23A.3 .00016 .00020 .00015 .00011 .00012 .00021 .00015 .00016 .00018 .00144 42
1"p81 .00012 .00014 .00015 .00013 .00014 .00014 .00020 .00017 .00026 .00142 43
23Ao210 .00015 .0001 .00014 .00011 .00012 .00020 .00014 .00015 .00017 .00137 44
13211 .00002 .0001 .00011 .00007 .00007 .00007 .00009 .00037 .00039 .00137 45
514,4 .00010 .00014 .00015 .00010 .00015 .00010 .00017 .00018 .0001Q .00128 46
12310 .00000 .0000b .00024 .00017 .00023 .00017 .00025 .00009 .OOUOO .00123 47
23A4340 .00000 .0002L .00016 .00012 .00014 .00024 .00016 .00017 .00000 .00122 48
29312 .00011 .00o1y .00012 .00009 .00010 .00u18 .00012 .00012 .0001± .00116 49
13111 .00002 .00017 .00010 .00006 .00006 .00006 .00008 .00025 .0003! .00115 50
2931v .00012 .0001G .00011 .00009 .00009 .00016 .00011 .00012 .00014 .00110 51
14510 .0000A .00010 .00011 .00009 .00010 .00010 .00015 .00013 .00017 .00103 52
l4rib .00008 .0001U .00011 .00009 .00010 .00010 .00015 .00013 .00017 .00103 53
123,13 .00000 .0000b .00020 .00014 .00019 .00014 .00021 .00008 .uOOOO .00102 54
41132 .00002 .00009 .00012 .00010 .00022 .00313 .00015 .00015 .0000, .00101 55
20C15 .00010 .00U15 .00009 .00007 .00008 .00014 .00009 .00010 .00012 .00092 56
23Ai.0 .00010 .00013 .00009 .0000? .00008 .00014 .00009 .00010 .00012 .00092 57
145iF .00001 .00024 .00001 .00001 .00001 .00001 -.00017 .00043 .00002 .00089 58
13234 .00001 .00012 .00007 .00004 .00004 .00004 .00006 .00024 .00024 .00086 59
5105 .00000 .00018 .00012 .00008 .00012 .0000-1 .000:- .00011 .00000 .00082 60
42128 .00005 .00012 .00013 .00008 .00006 .00002 ..001 ' .00009 .U0008 .00080 61
14423 .00000 .00022 .00005 .00005 .00005 .0005 .00007 .00027 .00000 .00079 62
4(2!A .00000 .00012 .00014 .00014 .00008 .00q08 .00012 .00010 .00000 .00078 b3
4513A .00011 .0000m .00006 .00006 .00002 .00009 .00009 .00011 .00019 .00077 b4
41195 .00000 .00000 .00008 .00014 .00029 .00017 .00009 .00000 .00000 .00077 65
23AA4 .00008 .00011 .00004 .00006 .00007 .00011 .00008 .00008 .00010 .00077 66
41146 .00001 .0000 .00009 .0000 .00017 .00010 .00011 .00011 .0000 .00075 67
461.L .00000 .0001, .00011 .OUCI1 .00007 .00008 .00011 .00012 .00000 .00073 68
143.12 .00000 .0000V .00010 .00008 .00009 .00009 .00013 .0001U .00000 .00070 69
11333 .00014 .00000 .00000 .00000 .00000 .0000 .00000 .00000 .00066 .00070 70
13143 .00001 .00Olb .00004 .00002 .00002 .00002 .00003 .00025 .00015 .00069 71
45112 .00600 .00007 .00009 .00009 .00003 .00012 .00012 .00017 .00000 .00069 72
46314 .00000 .00000 .00000 .00017 .00011 .00l1 .00017 .00013 .00000 .00069 73
464.51 .00000 .00010 .00011 .00011 .00007 .00007 .00011 .00012 .00000 .00069 74
51846 .000U0 .00015 .00010 .00007 .00010 .00007 .00011 .00009 .00000 .00069 75
41216 .00000 .00000 .00004 .00011 .00024 .00014 .00009 .00000 .00000 .00066 76
42111 .00001 .00007 .00012 .00008 .00007 .00003 .00019 .00008 .00001 .00066 77

j 14115 .00000 .00001. .00009 .0006 .00008 .00008 .00012 .00010 .00000 .00063 78
4512 .00000 .0000o .00008 .00008 .00003 *000l0 .00010 .00U14 .O0r.00 .00059 79
145eu .00005 00

1
. .00006 .00005 .00006 .00005 .00008 .00007 .00009 .00057 80

46167 .00000 .00008 .00009 .00009 .00006 .00006 .00009 .00009 .00000 .00056 81
47117 .00000 .00000 .00010 .00006 .00016 .00010 .00010 .00000 .00000 .00056 82
4W21C .00000 .00003 .00007 .00008 .00003 .00010 .00010 .00013 .00000 .00054 83
514,4 .00002 .OOUod .00000 .00005 .00008 .00005 .00008 .00005 .00004 .00053 814

1111410 .00004 .0000t .00004 .00003 .00008 .00006 .0000 .00007 .00009 .00052 85
23A')2 .00006 .00007 .00005 .00004 .00004 .00006 .00005 .00006 .00006 .00051 86
1;711A .00004 .0000b .00008 .00005 .00004 .00001 .00008 .00008 .00007 .00050 87
14811 .00004 .00005 .00005 .00004 .00005 .00005 .00007 .00006 .O000U .00049 8a
451.0 .00007 .0000 .00004 .00004 .00001 .00005 .00006 .00007 .00012 .00049 89
4112E .00000 .00000 .00004 .00010 .00020 .00010 .00005 .00000 .00000 .00049 90
42122 .00003 .00007 .00008 .00004 .00003 .00001 .00009 .00005 .00005 .00045 91
11334 .00004 .00005 .00003 .00003 .00006 .00005 .00004 .000b .00009 .00045 92
11114d0 .00003 .00004 .00004 .00003 .00007 .00005 .00005 .00006 .00007 .00044 93
23A4440 .00003 .00007 .00005 .00004 .00004 .00007 .00005 .00005 .00004 .00044 94
23A1I40 .00005 .0000, .00004 .00003 .00004 .00006 .00004 .00005 .00005 .00042 95
123A2 .00000 .00003 .00008 .00006 .00008 .00006 .00008 .00003 .00000 .00042 96
4513 .00000 .00004 .00006 .00006 .00002 .00007 .00007 .00010 .00000 .00042 9?
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0
WUC'S RANKED ACCOSDOING TO CRITICALITY

C-ITICALITIES GY F1014A5( - - --- - TOTAL CUlT
WUL P14l P948 P143 P940 P045 PH6 P14 p04s Me4 CUT no6 TI~

171100 *00311 .043L .000647 .00431 .04311 *00107 .00615 .004 .00536 .04063 1 os= *m4.
Ill100 .0000 .00110 .00106 .00 01 .0419? .0016 .00010 1 .0017P .0080 .1l a CANI
0211 000?. .0015 .00170 .00006 .00074 $032 00131 .00116 .0001 .00S1 3 A.0. 
1155 .00076 0111 .000 .0000 .0007 .0101 .00131 .00115 .0013 .00*4 3 A.. G Mm .¢0. L.

.1423 o00M ows 606142 .0101 .0614.6 s010 .00141 .0000? .0000 .001"0 4 oO. . 1i.&3Adt00 ,01067 ,0407 901063 090 .00091141 9690911 00063 ,0067 *00077 .0461 6 an VO lOR L

5141 .0006 .00063 .000S .000W0 .00067 .0001 00075 .00061 .00043 .00t70 6 1O31. M .
11j3 .0001S .00063 .00065 .00046 .00066 .0006S .00070 .0001 .00002 .0050? 9 OIL 5 IM.

5711 .9001 .0005 .00003 .00056 .06 .00014 .000013 .00003 .00069 .001116 is YA am 010
239 .00OM1 .0006? o004 .0003? 00041 00070 .00000 .00051 .00059 .076 11, IP. AW1L.
421o .8083 .00011 .00001 .0005 .0003 .00015 .00100 .00056 .00039 .00464 18r .. D.
4$1S .0006 .0002b .0003A .00036 .00013 . 00051 .00051 .00064 .00101 .00637 13 MD. 1P
e110 *00032t .4004b .00044b .00033 .0007 00039 .00053 .00050 .00019 .0405 0 It lu VAN L
1500 00033 .00039 .00042 .00036 .00039 .0003 O .0051 .00009 .00065 .00391 11 n" BUT.
17116 .00031 .00041 .000 .00041 .00031 .00610 .00068 .00062 .00018 .0039 16 PM M G 0110
S1444 .00061 .00000 .00000 .00013 .0006 .00049 .00091 .00110 .00000 0009 17 1M 001H7Or7 MID.
4631100 .0000 .00000 .00000 .0006? .0006 00018 .0000? .00066 .00000 .00300 10
51051 .00000 .00000 .00000 .0000 .00008 .00057 .00000 .00000 .00000 .00345 19
2*4A .00037 .0004a .00034 .00026 .00089 .00010 .00030 .00037 .00002 .00337 20
5101 .00021 .0003b .00037 .00026 .00037 .0006 .000.1 .00006 .00007 .00381 21
17112 .00081 .00033 .00050 .00034 0081 0000 6.000 .00010 .00004 .0031? 88
13307 .0000 .00119 .00000 .00000 .0000 080000 00000 .00116 .00032 .00309 23
01558 .0081 .00031 .0032 .00028 .0007 .00000 .0003t .00030 .00004 .0029 26
'7111 .00000 .00000 .00034 .00009 .0010 .00063 .00002 .00000 .00000 .00290 25
1050 .00024 .00029 .00031 .00026 .00029 .00020 .00001 .00036 .000 8 .00292 46
06232 .00000 .00000 .0000 .00040 .00027 .00027 .00038 .00033 .00000 .00, S 27
09122 .00010 .0008b .00026 .00010 .000*6 .00010 .00030 .00032 .00033 .00286 20
06171 .00000 .0003a .00036 .00037 .00020 .00024 .0003S .00030 .00000 .00288 29
1iS53 .00018 .00021 .00023 .00020 .00011 .00021 .00030 .00027 .00036 .00217 30
11331 .00017 .00022 .00017 .00013 .00032 .00024 .00022 .00029 .00041 .00217 31
2931E .00023 .00030 .00021 .00016 .00010 .00031 .0001 .00023 .00027 .00212 32
71111 .0001 .00020.20 .00015 .00005 .00030 .00030 .00025 .00190 33

51627 .00000 .00063 .00000 .00000 .00000 .00000 .0000 .00081 .00000 .00109 3
29311 0 .00016 .0002 13 .00015 .00025 .00017 .00010 .00021 .001"0 35

0 57117 .00018 .00017 .00025 .00017 .00013 .00000 .00025 .00025 .00021 .00159 36
44112 .00011 .OO01 .00017 .00013 .00017 .00017 .00020 .00020 .0002b .00154 37
14P2 .00012 .00015 .0001f, .00014 .00015 .00015 .0001 .00019 .00025 .00152 3#
1013 .00012 ,:::It .00016 .00014 .00015 .00015 .00021 .00019 .00025 .00152 39
5111 .000 ,00071 ,00015 00010 .00015 .00010 .00017 ,00009 .00000 .00107 0
4721S .00000 .000Ou .00011 .00020 .00059 .00035 .00010 .00000 .00000 .00107 01
23A.3 .00016 .00020 .00015 .00011 .00012 .00021 .00015 .00016 .00018 .00144 02
l'0CO .00012 .00014 .00015 .00013 .00014 .00014 .00020 .00017 .00023 .00162 03
23Au210 .0001S .00019 .00014 .00011 .00012 .00020 .00014 .00015 .00017 .00137 00
13211 .00002 .00011 .00011 .00007 .00007 .00007 .00009 .00037 .00039 .00137 05
5104 .00010 .00014 .00015 .00010 .00015 .00010 .00017 .00016 .oo01q .00120 06
12310 .00000 .0000b .00024 .00017 .00083 .00017 .0001 .00009 .0000 .00123 07
23A%340 .00000 .00021 .0001b .00018 .00014 .00024 .00016 .00017 .00000 .00122 408
29312 .00011 .00019 .00012 .00009 .00010 .O0016 .0001 .00012 .0001. .00116 49
13111 .0000 .00017 .00010 ..00 00 0006 .0000 0025 .0003 .0115 5
2931w .00012 ,0001 .00011 ,00009 9 06 0012 0001 .00110 51
10510 .0000 .00010 .00011 .00009 .00010 .00010 .00015 .00013 .00017 .00103 12
101Pb .00006 .00010 .00011 .00009 .00010 .00010 .00015 .00013 .00017 .00103 53
M1A33 .00000 .00006 .00020 .00010 .00019 .00014 .00021 .00008 .00000 .00102 54
411,32 .00002 .00009 .00012 .00010 .00022 .00013 .00015 .00015 .00001 .00101 5!
2QC15 .00010 .00013 .00009 .00007 .00008 .00014 .00009 .00010 .00012 .00092 56
23A,.0 .00010 .00013 .00009 .00007 .00008 .00014 .00009 .00010 .00012 .00092 57
1450F .00001 .00024 .00001 .00001 .00001 .00001 .00017 .00043 .00002 .00089 s0
13234 .00001 .00012 .00007 .00004 .00004 .00004 .00006 .00024 .00024 .00066 59
61P5 .00000 .00018 .00012 .00000 .00012 .00004 .00013 .00011 .00000 .00082 60
62128 .00005 .00012 .00013 .00008 .00006 .00002 .00017 .00009 .00008 .00080 61
144,!3 .00000 .00022 .00000 .00005 .00005 .00005 .00007 .00027 .00000 .00079 62
462jA .00000 .00012 .00010 .00010 .00006 .00000 .0001 .00010 .00000 .00070 b3
4513A .00011 .00004 .00006 .00006 .00008 .00009 .00009 .00011 .00019 .00077 60
..11db .00000 .00000 .00008 .00010 .00029 .00017 .00009 .00000 .00000 .00077 65
23AA .00008 .00011 .0000 .00006 .00007 .00011 .00000 .00000 .00010 .0007? 66
41146 .00001 .00006 .00009 .00008 .00017 .00010 .00011 .00011 .00004 .000?s 67
461%E .00000 .0001i .00011 .00011 .00007 .00008 .00011 .00012 .00000 .00073 60
10::3 :0000 .0000:.00010o00008 .00009 .00009 .00013 .00011 .00000 .00070 69
11343 .00010 .00000 .00000 .00000 00000 .00000 .0000 .. 0000 0 .0006 .00070 70
13103 *00001 ,O00b ,00000 .00008 .00002 .90002 .00003 .00025 .00015 .00069 71
4%112 .00000 .00007 .00009 .00009 .00003 .00012 .00018 .00017 .00000 .00069 ?2
46314 .00000 .00000 .00000 .00017 .00011 .00011 .00017 .00013 .00000 .00069 73
'.6431 .00000 .00010 .00011 .00011 .00007 .00007 .00011 .00012 .00000 .00069 70
51846 ::::000 :00015 .00010 :0007 ,00010 .00007 .00011 .00009 .00000 .00069 75
01216 ,00000 .0000 ,00000 .00011 ,0428 .00014 .00009 .00000 .00000 .00066 76

02111 .00001 .00007 .00012 .00008 .00007 .00003 .00019 .00008 .00001 .00066 77g1115 .00000 ,OO00P .00009 ,00008 .000000 .00006 .00012 .00010 .00000 .00063 ?a
4512 .00000 .0000b .00009 .00008 .00003 .00010 .00010 .00010 .00000 .00059 70

10se0 .00005 .0000h .00006 .00005 .00006 .00005 .00008 .00007 .00004 .00057 00
%bib? .00000 ,00000 ,00009 ,00009 .00006 .00006 .00009 .00009 .00000 .00016 at;17117 .00000 .00000 .00010 .00000 .00016 .00010 .00010 .00000 .00000 .00056 02
4521C .00000 .00003 .00007 .40000 .00003 .00010 .00010 .00013 .00000 .00054 63
514g0 .00002 .0000d .O000 .00005 .0000 .00005 .00008 .00005 .0000 .00053 00
1111010 .00004 .90005 .00004 .00003 .00008 .00006 .00006 .00007 .00009 .00052 as
2731A .00006 .00007 .00005 .0000 -00000 -00008 ,00005 ,00006 .0000b .00051 6
71?A .00004 .0000b .00008 .00005 .0000 .00000 .00006 .00006 .00007 .00050 o7
1011 .00004 .0009 ,0000 5 .00005 00001 ,00005 .00007 .00006 .00000 .00049 Be
'.5130 .00007 .0000 .0000 .00000 .00001 .00005 .00006 .00007 .00012 .00049 90
4112E ,00000 ,00000 090004 .00010 .0000 .00010 .00005 .00000 .00000 .0009 to
'42122 .00003 .00007 .00008 .00000 .00003 .00001 .00009 .00005 .00005 .00045 91
11334 .00004 .00005 .00003 .00003 .00006 .00005 .00004 .00006 .00009 .00045 92
111140 .00003 .00004 .00004 .00003 .00007 .00005 .00005 .00006 .00007 .00044 93
23 44000 .00003 .00007 .00005 .00000 .00004 .00007 .00001 .00005 .00004 .00000 90
23A1140 .00005 .0000b .00004 .00003 .00004 .00006 .00000 .00005 .00005 .00042 95
123A2 .00000 .00003 .00006 .00006 .00008 .00006 .00006 .00003 .00000 .00002 97
123w3 .00000 .00004 .00006 .00006 .00002 .00007 .00007 .00010 .00000 .00042 9?
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CmI CA LITtUS NY PLIOR 8061 -.------ TOTAL CRl?
WL PHI 8041 803 PM* PH$6 Pol PH? PM4 PH*6 Call RANK

%3'.12 .00000 #00,19 MO .000.663 .00 *00.603 seem0 .6003 .0060 000 9 *OO o
%%.;u*~ .00" .06o~ $*foot .060? seem0 .600 .06116 .0006? .0000 .06091
14660~ .00095 .60060 sm .6 "Off 00 6 0060 .06011 M603 .6661? .66660 .6009 S06
tilde~ seem0 $0000. .0066* seem0 .0006 .00091se . 00006 0on 00 .0mu I"1
V1* .6GO 6000 .0000 666 .606S .00616 .60000S .6000 .06003 .60600 .06016 108
1131S .00006 .600a .60400 .000 .9000 .00600 .00067 .06003 .6000 .600311 103

2WAZ"0 .0v00 .606 *66003 .66663 1060 .66061 .96003 .6060 .600066 .600634 10

%3t.3? .66600 G .0060 60003 .M6*006 3 .600e .00060 .60? 66 *00006 .0033 16"

%t10.0 00000 .O6e06 .6 6 .00 068 .0 60 .00603 .00 ? .0001* .0000 . 00 31 Ito
bl781 .00000 .000 .60000 .66660 .066 .0000 .0es63 .6000 .0006 .00 118
%721%* .06060 .600000 .60030 .06 .0011 .00007 .00663. .00000 .60666 .00630 11
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APPENDIX E

E. 1 MODEL DERIVATION

in this appendix, models are presented for combining phase sensitivity and
reliability values into an overall measure of element criticality. The basic model
for the combining process is as follows:

n n

13 ","~P(.4P(X) Z PP(EIk = ( Ok) P Skhk

where: n is the number of phases;

P(Af, X) is the overall criticality of element X;

P(Rk' ()k ) is the probability that element X will be failed in the kth phase;

P(.tkIXk) is the sensitivity of element X in the kth phase i. e., the
probability of accident in phase k given X that is failed in that
phase.

The quantity P(XkOk) represents the joint occurrence of failure of the Xth
element and occurrence of the phase. If, for example, phase 3 were being con-
sidered and X had in fact failed in phase 2, the event (%., 03 ) will occur if no
accident resulted in phase 2 and a decision was made to proceed to phase 3 (either
knowing that X was failed or not knowing such failure took place). The no-accident
occurrence probability is simply the complement of the phase sensitivity of the
element. Given element failure, however, a phase-transition-probability matrix
must also be considered.

If P(Rk) represents the probability that X first fails in the kth phase, the overall[criticality (assuming a 3-phase mission) can be expressed as follows:

P(, = P(R') {S I + (1-SI) P(1,21 1, 7) (S2 + (I-S2) P(2,3IX 2 ,7)s 3 1}

+ (1-S 1) P(1,3 X,A)S 3

:11 ~+ P() S + (1-S)P(31 2 fS}

+) P(2,3')2{s3}3

where: Sk = P(A kTk) = sensitivity in phase k;

P(i,jIR J ,) is the probability of a transitton from phase i to phase J,
given that X is failed in the iUn phase and no accident occurs.
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To explain this equation further, consider the second term,

PM2~)S 2 + P(XV) (1-S2) P(2, 3 1 R- - ) So

which represents the probability that either:

a. X first fails in phase 2 and an accident occurs, i.e., P(%)S2 ; or H"
b. X first fails in phase 2 but no accident occurs; and there is a transitionto phase 3, in which an accident occurs, i. e.,

P(Xn2)(1-S 2 )P(2, 31X 2, 3 .

By equating the coefficients of Sk in the two models for P(sf, X, we find the following
equations for P(R,0k):

P(Rj 01 P(Pj)

P(X2, 02) - P()(1-S)P(1, 21 , X) + P(X2)

P(3, 0 3 ) = P(Xn)(1-S 1){fP(1, 21R 1 ,..A)(1-S2) P(2, 3t32 , X) + P(1, 3 I 1, 7)}

+ P(R)(1-S2)P(2,3j3 2, ) +P(OYi

Therefore the coefficient of the kth sensitivity value in the basic overall mission
criticality expressions is seen to be a function of the phase-dependent firetfalz'e .
probabilities P(XL); the phase transition probabilities given element failure but no
accident P(i, j I~i,r); and the sensitivity value of the previous phase (1-Sj).

A general expression for Pl3k, Ok), leading to a matrix formula for overall
criticality, will now be developed. From straightforward considerations, we can
write

k

=

where P(OkIRJ) is the probability that phase k will be attempted, given X is failed
in the jth phase [P(OkIk) = 1.0]. 1
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The conditional probabilities P(@kjj) can be obtained recursively as follows:

P(O 1 )= i. o

P(OkIN ) = (-Sk) P(k-1, kIXk, X)P(@kIX)

where: (1-Sk1) = 1 - PVA IX) = P(ITIX) = probability of no accident in the kth
phase, given X is failed in that phase.

In general,

P(OklyX ) = (1-Si) Z P(ii ,'.)P(@ kIXj)J=1+1

For computer solution of mission criticality, three matrices can be set up and
defined as follows:

n n'
ql.J ~~P = [ X' 1 Pm )o , (n )

11.0 P(0 2 1X1) P(0 31X1) P(041 1) . .P( )

1.0 P(031' 2) P(041[?2) . . .P(nl*)

1.0 P(0413;) . . . P(OnX 3)
C=

1.0 P(0IX'Rln1 )

Si

S 2
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Then it is easily shown thac the following matrix equation holds:

H P(.4,7) - Pc s

It is noted that PCi a vector, say (Q1  **' Q2 where

= P( X,0j) 1

E. 2 EXAMPLE OF MODEL EXERCISE

Consider a three-phase mission of which 100 flights were made. The results,
assuming only one possible element failure, are as follows: I

Phase:

Number of flights entering 100 90 90 jj
phase

Number of flight elements 20 10 5 ii
first failed in phase

Number of flights with element 20 20 25
failed in phase

Number of transitions with
element failure:

01 to 0 2  10 .. ..

01 to 03  15 -- -

S02 to 0 3  -- 15 -- i

Number of accidents 5 5 8

A schematic representation of distribution of the 100 flights is shown in
Figure E-1.

E1
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In this example th1 following would be the observed values of various probability
terms: U

- 018 
'I

U

- (.20 0. 10 0.) U

_ o .25

S- 0.25 U
10.32

LI
P(1, 217 1,1) -= 2/3

P(1,3 173, ) . f 1/3

15- 1.0 :IIi
P(021-/) - o -1/2

P(031X1) = - 5/8 I

P (0 21 71)  - (1-s1) P ( x, 2 l 1, ;) P( €2 X) ) + 1 l , ( ) I s

~~*- 3/4x2/x1

P(0317 1) - (1mS) p( 2 1,R I;)P(01 2) +P137")(37

- 3/4 {2/3 3/4 + 1/3}
- 3/4 x 5s6 u 5/8 .

(Continued)
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I
P(0313Z2) = (1-S2)P(2,3j3Z2,J)tP(03!Xt)P(I 31X = (1-0.25)(1.O)(l.0) = 3/4

iThe C matrix is computed as:

* 1.0 1/2 5/8

I o o J

and we have

1 1/2 5/8ro. 251
P.,) (0.20 0.10 0.05) 0 1.0 3/4 0.25

0 0 1 0.32J

ro. 251[-(0. 20 0 20 0. 25) L0.25J = 0. 05 + 0.05 + 0. 08 =0. 18.

I 3
The last matrix product is simply E P(,j I-4j)Sj, the basic model for accident
probability. J=1

[Figure E-2 is computer program written in the BASIC language for solving for
accident probability when the phase first-failure probability vector, the phase
transition matrix, and phase sensitivity vector are read-in. Specific comments on
the program are noted in the exhibit.

Figure E-3 is the computer printout for the sample problem discussed above.

E. 3 CONDITIONS AND ASSUMPTIONS

Several conditions and assumptions implied by the models presented above are

discussed in this section.

Condition 1: Only one element (or function) failure is generally considered. That is,
the term P(A, X) represents the criticality cf element or function X, assuming that
all other elements or functions not in a redundant or back-up mode are not failed.
For elements in a redundant design, the sensitivity values have been obtained in a
manner that does consider the possibility of failure of back-up elements. Failures of
functions which depend on A, however, are considered through the link dependency
analysis.
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DIN SC10)o T(10e10). 'PCIO)

2 DIN C(I10I)X(1.IO)$Y(1.10)#z(l.I)
7 PkRiNT
O PRINT"MiO. IF PHASES AND NO* Or CONPONECNT3 ARE'I

is PRINT
.13 LIT DisDI + I

iS PRINT 
i

16 HAT C aZER(NgeNR)
95 PRINT
36 PRINT"PHASE TRANSITION NATRIX"
21 PRINT
30 FOR 1ot TO NB-I
39 FOR Ja 1+1 TO NMRR~4% .. V&ti
35 READ T(I*l) R0.6441

36 PRINT "P("IIIJI") a "s TCI#J) matri% (6,41
46 NEXT J
43 NEXT I 1
46 PRINT "FlRST-FAIL PROSS"
47 PRINT A st"~ ~~~

;4d 4AT READ P042) - - - - -o&A" rt

49 HAT PRINT P h.
59 PRINT
54 PRINT"P4ASE SENSITIVITIES" UF

St HAT READ 3(N2) - t #i W hJ c.t$vv ~'iw(e~ zi
56 PRINT
58 HAT PRINT S
60 LET C1.I)UI.O

62 PRINT 'PRfOS PHASEC J OCCURS GIVEN FAILURE EXISTS IN PHASE Ks"

10 LET CCJ*J)uI'0
75 FOR lot TO J-1 ~o*% .'ca(ctkI44

S0 LET EmNO

90 FOR "a K41 To J
951LET EUET(K.N)*C(N*J) 

i
105 LET CI.~(1C)*
106 PRINT K$J8"C(KsJ)11ICCK&J)
110 NEXT I

115 NEXT J
410 HAT YnX*C - -~ C (t.,~r~Xs

* 4111 PRINT .
41 4PRINT"1PHA3E OCCURRENCE WITH FAILURE PR49sS"
416 N4AT PRINT V
431 NATZUY*S - 4 -- -- J) I 5~[.
45* PRINT 2
453 PRINT"1TOTAL ACCIDENT PROS. THEOIR. 13Sti(1.I)
455 PRINT
500 IF D14143 THEN 13 .L

Iso RECSTOR
600 DATA *666667,.33333331*0
610 DATA .I0..t0.0S
420 DATA o25s25**e32
"9 END

Yipm Z-2. MWBIC Prvgam ftr Mbatimin Oveull Element Critiodby Valme



S8OF PHASES AND NO, OF COMPONENTS ARE 73s1

u COMPONENT NO. IS I

PHASE TRANSITION MATRIX P~IA
.P C I P 0.666667

P 1 3 0.3333333I PC 2 3)-
: FIRST-FAIL PROBS

0.21 0,20,1

0.05 f
C.

PHASE SENSITIVITIES

1 0.25
0.25

0.32

PROB. PHASE J OCCURS GIVEN FAILURE EXISTS IN PHASE K PLC'IKO,"
I 2 CCK#J) 0.5000002
a 3 CCK#J) 0.75
.1 3 C(K.J) 0.6250002

PHASE OCCURRENCE WITH FAILURE PROBS. 1) '3

I 0.2 0.2 0.25

TOTAL ACCIDENT PROB. THEOR. Is 0.18 {
3 Figure E-3. Sample Program Output
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Independent Joint failure occurrenes can be conaidered In a manner similar to
that described in Section E.A, but only at a considerable increase in oompledty. -The
simplest case would be to assume nd e of accident sensitivities suah that:

P(-k'kyk) = Sk(XYT) I' - (Y) 11 -SO()).

*Under thasumption, the additional model oompleity involves considering the

inclusion results in a greatly expanded problem. U
N accident-sensitivity independence to not aiumed (and realistic considertion

would lead to such conclusion for many cases), the problem could well become
unsolvable in the practical sense. Since the major purpose of the analysis is to
determine criticality rankings, consideration of only single-failure occurrences is
not unreasonable, especially in terms of the amount of effort and knowledge required
to do otherwise. It is noted however that If certain elements or functions are known
to be quite interactive, new pseudo-elements may be defined to handle joint occur-
rences for these cases. For example, if X and Y have a pronounced interaction effect
with respect to accident probability, one can introduce the pseudo-elements:

and sensitivities for 71, 72,73 can be developed to account for the interactive effect. U
Condition 2: The first failure probabilities are a function of phae-transition
Probabilit and element reliability. In general I[
Pth No of flights n which Xfiratfals in phase k)

P(X first fails ink phase) (No.o (total o. NO flights) "

A model for P(A) considering a three-phase mission can be presented as
follows.

Let t1 ,t 2 ,t 3 represent the duration of the three phases; and let F(tkhtj) repre-
sent the probability that the element fails within tj to tj + tk, given that it has survived
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over tj operating hor;Idlt7 - F. Then, assuming a "new" element X at
the start of the mission, * we have

P(M) =P(0p)F(t1 0) =F(tjl 0) 1P(0) L 1

PM)- P(0j)Y(t11 0) P(1, 2 ,X1, O)Ft1

I ~ ~P%) - R~jpY(t 1I 0) P(1, 2gX1, Oj) F(t2 t)P2 31X 2, 02) F(t31t14t2)

Hf we assume a "standard mission" In which all phases are performed in
sequence unless a failure occurs, i. a.,

1, for J=i+1
P(0j Ixi) f 0,ohe w s

then10otewsI

IIP(T2) = 7(t11)F(t21t1) =R(t 1) -R(tl~t2)

j1OF~tjjt)Ft~jj~t)= R(t 1+t2) -"(tl+tl+t3 )

where R(t)= P (successful oeainover t hours),

The above two sets of equations for P(Xj) can be easily extended to k-phase
issions. Bohcases require a reliability model for the element. For example, if

L a constant failure rate (k) can be assumed, then a particularly simple relationship
holds:i--k

F(tkltj) = -

More complex types of failure densities (a. g. , those accounting for wearout such as
in mechanical components), and consideration of the varying stresses on elements
during different phases, can be incorporated into the reliability model as applicable.

*If, in fact, T total hours have been accumulated beforehand, replace F(ti 10) byr F(t1 jT). F(t2 jtl) by F(t2IT~tj), etc.
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If the standard-mission case is not to be considered, then analysis of past
flights and future expecte4 operational profiles will have'to be conbducWd In order to
estimate the appropriate phase-transition probabilities required for the P(%k) model.

Condition 3: Reair or restoration of failed elements Is assumed not to occur.
Alftho- cexrtain types of failure can sometimes be repaired in flight, and although
some types of failure are of an intermittent nature, the relative occurrence of these
events is generally small relative to failures that cannot be restored or repaired.
Since critical elements generally have backup or redundant functions (which are con- LI
sidered In the sensitivity model), it Is believed that this assumption is not too serious
for the purpose of criticality ranking, especially in view of the model and data-
requirements complexity that would result if the assumption were not made. 11'

E. 4 MODEL APPLICATION

E. 4.1 Combining Data and Model Estimates
of Sensitivity

As shown in Section E. 1, two equivalent equations for obtaining overall element
criticality as a function of estimated phase seniiitvities can be developed. They are:

Equation A: ii
P(.4,7) = Z'1 P(*Rk,@k)Sk i

Equation B:

where P, C, and S are as defined on page E-5. If no data are available on the atem iT
under conse'deratGon then equation B would apply, based on predicted values of P(Xj)
and P(,,41') for developing the P and C matrices.

If applicable system data are available, then observed values of P(3k,0 k) can LI
be obtained and equation A employed. This, of course, is desirable since it
eliminates errors in estimates of first-failure and transition probabilities. It is
noted, however, that this approach involves combining two types of sensitivity values.
From the equations in Section E. ., it can be shown that

k-- k|
P(kMk Z 8 P(i(-S)P(l"JIX,,)P(0,I3Z) + (k

Thus, estimates of P(Xk, Ok) from observed data already include actual sensitivity
values--the (1-Si) factor In the above equation. If we use the right-hand side of the
above equation In Equation A, we have

n k-i k 1?S ( 'P(.4 = 8 z P(')(1-S+)P(iJ p,)P(@ + +
k=2 i=l J=i+l lii kJ a) I nfl
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I
I

where 8S Is used to denote a sensitivity value inherent in the observed data, and Sj
to denotW a sensitivity value developed from functional analysis of the system.

As discussed previoualy, these two sensitivity values are not necessarily
measures of the same event--the sj' values are more a measure of accident exposure
or accident risk than true accident prbability, of which the S are representative.

The combination of observed P(3tkOk) and predicted Sk values is then appro-
priate In terms of developing criticality rankings of elements if there is a proportional
reationship between the and ~S' values--that is, If there exists for all phases and
all elements a constant C such that SI' = C1, for then the criticality of each element
is multiplied by the C constant, thus leaving the rankings invariant.

It cannot be said with certainty that all the sensitivity estimates S' for all
elements and phases are In fact a simple multiple of the "true value". Rather it is
more reasonable to assume that over some limited range there is a consistency; that
Is

where Cjt is the factor relating the estimate of the sensitivity of element x in the jth
phase to the true value, and Cjt has a relatively limited range that holds for all
phase and elements.

To illustrate this point, Table E-1 presents appropriate model inputs for a five-
element system Involved n six phases. It is assumed that 1.0 A Cj13 1.2, and ran-
dom numbers chosenwithin this range were used to obtain the Sj'(3) values. Table E-2

I shows the two sets of criticality numbers and relative rankings of the elements.

It Is seen that In this example the rankings are the same for both cases.
Naturally this does not provide assurance that this will always be the case, but it can
be reasonably conjectured that if the C l range is not too large and the factor is
uniformly distributed for any (j,1) combination, then any change in rankings will berelatively minor.

E. 4.2 Implementation Example

The Functional Criticality Model was exercised using Navy 3M* data and
sensitivities for the Work Unit Code items of the F-4J aircraft as part of a concurrent
Navy contract.

tTo evaluate the inputs to the model, a data survey was conducted of the Naval
Safety Center's data bank. The survey revealed that the data bank was adequately
recording the malfunctions registered by the 3M system, and the capability already
exists within the Center for computing mean time between failure (MTBF) from 3M
failure information coupled with flight times reported on pilot debriefing forms. As
in the case of the Air Force math model (designed for application to the AFM 66-1
data system), the "When Discovered" codes used in the 3M system are inadequate for
describing the portion of the flight in which an aircraft is erxosed to malfunctions - a
basic input to the safety-prediction math model.

*Department of the Navy, Naval Aviation Maintenance anid Material Mangement

Manual, Publication 0618-200-0100.
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TABLE E-L. -DATA WMUT TO IWSRATIVE PROBLEM

(F4e.Elemat System hvolved In Six PhsN) L I
A. Phms Transttion Matrices[

Elemet 1 Element 2 Element 3

P(1 2) - 0 P( 1 2)- 0.7 P( 1 2)= 0.2
P( 1 3) 0 P(-1 3) 0 P( 1 3)= 0
P( 1 4) 0 P( 1 4) 0 P( 1 )= 04
P( 1 4) 0 P( 1 4) 0 P( 1 4)= 0
P( 1 6)- 1 P( 1 6) 0.3 P( 1 6)= 0.8
P( 2 3)- 0 P( 2 3)= 0.2 P( 2 3) 0.1
P( 2 4) P( 2 4)= 0 P( 4)= 0
P( 2 5) 1 P( 2 5) 0.8 P( 2 5) 0.0
P( 2 6) 0 P( 2 6)= 0 P( 2 6) 0P( 34) 1 P( 3 4) 1 P(3 )=) 1
P( 3 5) 0 P(35) 0 P(3 5)= 0
P( 3 6) 0 P( 3 6) 0 P( 3 6) 0
P( 4 5) 1 P( 4 5) 1 P( 4 5) 1
P( 4 6) 0 P( 4 6) 0 P(45)= 0
P( 5 6) 1 P( 5 6) 1 P( 5 6) 1

Element 4 Element 5

P( 1 2)= 0. P( 1 2)= 0
P( 1 3)= 0 P( 1 )= 0
P( 1 4)= 0 P( 1 4)= 0
P( 1 5)= 0 P( 1 5)= 0
P( 1 6) 0.8 P( 1 6)= 1
P( 2 3 ) 0.2 P( 2 3)- 0
P( 2 4)= 0 P( 2 4)- 0
P( 2 5)= 0.8 P( 2 5)= 1 •
P( 2 6)= 0 P( 2 6)= 0
P( 3 4)= 1 P( 3 4)= 1 )
P( 3 5)= 0 P( 3 5)- 0
P( 3 6)= 0 P( 3 6)= 0
P( 4 5)= 1 P( 4 5)= 1
P( 4 6)- 0 P( 4 6%= 0
P( 5 6)= 1 P( 5 e)= 1 -'

B. First-Failure Probabilities I
Element _

Phase 1 2 " 4 5

1 0.02 0.01 0.02 0.01 0.01
2 0.01 0.01 0.01 0.01 0.02
3 0 0.01 0.01 0.02 0.03
4 0 0.01 0.01 0.02 0. oz
f, 0 0.01 0.01 0.02 0.02
6 0.03 0.02 0.02 0.01 0.02 I
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TABLE E-1. (Continued)

- C. Phase Sensitivities

Element

123 45

Phase S' 5" 5' 5" S, 5" 8' SI, S' S"

1 0.8 0.88 0.2 0.23 0.3 0.388 0.1 0.102 0 0
2 0 0 0 0 0.4 0.444 0.1 0.117 0 0
3 0 0 0 0 0.1 0.111 0.1 0.104 0.2 0.238
4 0 0 0 0 0.1 0.107 0.1 0. 116 0.2 0.224
5 0 0 0 0 0.5 0.565 0.1 0.107 0 0
6 0.9 0.918 0.5 0.52 0.3 0.327 0.2 0.234 0 0

TABLE E-2. CRITICALITY VALUES AND RANKINGS FOR TWO CASES

Case I - Only S' Values Used Case 2 - S' and S" Values Used
in Equation A in Equation A

Element Criticality Rank Element Criticality Rank

1 0.0556 1 1 0.0582 1
2 0.0360 3 2 0.0377 3U3 0.0460 2 3 0.0508 2
4 0.0299 4 4 0.0338 4
5 0.0168 5 5 0.0192 5
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